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Abstract 



The present invention discloses the new structure with regard to a nonvolatile semiconductor memory 
which can store therein an information corresponding to a plurality of bits. The nonvolatile 
semiconductor memory according to the present invention has a charge trapping layer 4 for 
accumulating electrons, in an end of a gate electrode. In the nonvolatile semiconductor memory 
according to the present invention, the electrons are stored in this charge trapping layer 4 to thereby 
store the information corresponding to the plurality of bits 
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(2) 



s i i coy- h»ffi g><BB±^E«sfcfc»fifgflW 
o\£- WE* l coy- h m@o$JffiJiir, mrevftrVii* 

LT> WM Z Ktzi£2< nY- Hit . 

mE*iwr-h*ffii:tME*2*>r- « 

coy- flUfcJgjR-*-4XJIfc» 

i me» 1 we* 2 ©r- h*«t*, * 

*tw i-mm-r 4 mmm & &&-t 4 xg t * & 4 < k i> $ 

[W**3l *MMMfc*W>±iE±»::E«S*Lfc> * 

t 

ttrEM 2 *>*eif Rosggst-Eg 5 nfc«ws«s . 
c t *i«Ki;i-4*»*ifc**flsE**iio 

tm 3 OHiRtl^llCL. R» 1 * * 2 & i tT* 3 
gy- h*§*iRcoJigfllcy- hm«flMfc*m*iffe«Lfc 

i£> Ry- b®&fiD£*m£<fco f y- MftftR*'**- 
rvnscfr, y- httBfrj&asi-aisfc, 

WE*2Wi|^R©*fflfc»«ttKRf*'U ffiB*JB« 

*®Jft1-*XSi:*4>*< fc**tr 

[ff*A5] **#afe*W>±E±tcE«S*tfc*l«> 
TWttUBt, R£ 1 ©T«M6*R*>'f"*0±»fcE«S 
ntf i<otM«iI, t»E» 1 oT«<a»Roii«o 

±.«siKttR. ±3«t(/, mm 1 o±ffl5^iico±ffl5icEa 
lWE^iifltfttEoiffijtuEiisjifc* itjfESgio+ra 

i|^RfcRH***;A»feJ£**2 0T«M^R^ we** 
#»&co£II±K, 2 OT*MWHH0>W»KE 

B$n;t«?!?feiSR, *«MUMW>±«KE«Sfi 
fc, MCI l oWMi i W-ttflii'fe*** 2 ot 
flfSHtJl , «rE* 2 OTfltMINR^ J: 2 co^if 

f§<r>±mz&w.ztitz. we* i o±JM6*Ri: m— w 



w%&*mmzm.$iw. t * * c t * t + * * 
mm mm&o 

[»*«6] **ff*«o±iB±KEa?*tfc»i© 

TSBiS&ltR, ft* 1 <*>TfiM&*RO«t»*©.t«5KEB& 
*ifc*10«t«W«IW. WE» 1 OT«BJ6»Koa»w 

liRis «fc tf* 1 «-t» KM S 1 O 

.0 i coy- h «c. t **i-4*»f^MKME«R« 

«^**#*«0±®±KE«3ftfcffi»*&*R, ft® 

w«Mi±uE«**tfc, we* 1 tra- 

#W'&lSi*2©MI8i. R* 2 comWH«/I± 
KES 2 <o±S6Jg#R, R*2 0±««*R± 
t:Et?^i2<oy-MS. fc*#1-4»«tt4 
#E1f RB t £ AfTf 4 ^ t k 1" 4 **frESI£ 

5^- So 

It, 

TKE**#*««>±iE±C, *oRT6M6ltR0>Pfi8K 
E«5*tfctt*tt»Ri:. 

WET»««Rli «t rfBff g«5 © ±S5 K Ei 3 ft -t 
RlfiltKJ:. 

RJ:«»*RO±«KEBSftfc*'- hSStlrtti 
Sit, 

mmft&mm ± es s *l *a^R t . 

ft It 1 ol6HWo±«J3 ± tf»B*»IMMK«>±lilO- 
SSJU^U, »2i»J:0 f »3Oj|ft»R*W^JR"*'4Xg 
t, 

ft^3co^RcO±Si5lcy- hm®ffi«W^I-«rJt«t-4 

fty- hm®«^*t^ #rie^ 3 oieitR, itrisn 2 o 

irfiy- h Sffifll«*t«-^ ttria^ 3 co^Mfe «t 2 
(o*&ttBg£^*--> ^1"4*i t-e, ^2coy-^s«l 

ft^ 1 ii J: tr* 2 or- h ^@com^co^ 2 OftWRO 




30 
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o] **flc*«©±iB±u, mi. 

X tf £ 3 0«MUR SrJBUfcJgjS* 4 IS t , 
R*3©fftMW©±ttfc8l ©y- r««*ri*ift*J8 
«Lfc«. Ry- rWMMttW, lWE*3«ttltK, 

mE« 2 oieiKK* j: cr* i oieant*^* - - > r-t 
sct-e, miny-YW&mmt burnt. 

or, i»E¥*#**w>±iiio-«c % iftfBy- F^S 
flME#*k utrieg 3 oieitiR. «rffi^ 2 ©igiiRfc «t if 
iti «>*Mwt*R*-*-4£fc"e, mzoY-Ywrn®. 

meri ©y- h«c«>iik2«>«iuiojiff«jHRMK 

RE^MMMHEOiifiifc, IS 4 ajfiMUR* J: cfR 2 o 

y- h RWAtr* t**u<:Kk, i»2©y-ns 
«j«*t*k rer 4 <d«imi, «frf5sw^«si»^#^ 

£itr«»*fel*«*/<*'-.=.>yi- R2«oy 
- Htt»ittiiai *4>fc< ti^-frifctlMR 

ti- 

[11*41 1 1 ] **fl£*«0±ffi±KE* $ fifcfl* 

RiS«**trRE#»#afc«0±ir±fcE«&*tfc, R 
1, R2£<fctfR3 0*6liR;^j3i4, y-rffeRR 
k, 

HEM 2 OiRttRaRRCEE S ftfcSflrSRS t , 

MEr- Y*mm±\zmm2tii:r- vnmt^-tb 

[R&9112] *&it&&<D3iw±\z, avuzmmir 
bxmt, 

m&wk^mii^m^mu^±m±iz, mi, R2£ 
tvnznimukimx&iSLL. mmi, mzatvm 
s^mmfrb&zv- htmmtMis.-? burnt, 

my- H6HWo±«t=y- hRRRj£*m*Jft«L*: 

-v/t^ct-e, y- hw.MZMj8.-tzxmt. 
M%&m2<n&mm<omuz&$i&Kf&&L. £n*%?r 
■t burnt. 

£fc«:#«fci-4*»$HS*»#E«»««>«a*ffi 0 
t. 

Ri5«*#tfRE¥«flsR«o±R±i;:E«3*i.jfc, R 

i*itf*2otti»ii*»<bdt4, y-natRk, 

RR 1 * J: CfR 2 ©*^R<0HUESS*uiS#3iRg 



lWEr- Hft»K±KEH3ftrt:y- hSStSr^i-4 
£ t *#»fc1-4*»«tt¥R#:E«RBo 

[111**14] *m#m*L'>±w±\z* {htoim&T 
bxmt. 

rr 1 wife^m, R#^Rs«j£*mis <t cf r 3 <nmm 

10 R£/<*-^>yf 4.1 t-c, 

ERRRoRa^ft, 

ir*r 1 5 ] ¥*#*«<753EM±icEfi $ fi/^nasR 
t. 

1. R2£J:EfR3<af&RR*<bR4, y-h&iifR 
RER2©RR««RfflKEE3*Lrt:RR*«Rfc, 

[»*f 1 6] *m#-mfe<n3LW±iz. muimm-r 

4Xgi, 

SCfl«Bt*trWE***««0±lB±t:. Rl, R2£ 
«t Cf R 3 ORNfcR * JOUftgR L, RR K R 2 £ J: If* 
3<0«»R*feR4y- HftRR*JBRr*XSfc» 

mv- ttmm<v±Mizy- rRs«R*m**«Lfc 
my-hmum^m^nvy-hmmmi^^- 
->yi-bzt-c, y- rR**jBR-t-*x«fc» 

RER2^RRWOiMB*jMW«jKR*U 

w t t»«fc1-4^a3&tt*i»flcE*SlE«Wi!ljt*j*o 
[IS** 1 7 ] f«ftifi«±B±i:El $ tifcHR 

RH«**tfttE¥*#**©±ffi±KE«3ii.*:, R 
l*J:£rR2 0|MMW»&R4, y- Hffe^Rt, 
R^lii«tCf^2<0itei»IKO|!BKEBS^mW*»S 

fjffiy- ns«ii±KE*«ftfey- r««t 

[»*flll8] *»<Mfc«©±ffi±K, EltRfcJBR-*- 
4Xgfc, 

»Ci«**tfllirE**flE»«0±lB±K. ^ 1 fiO^lt 

r, s#s«e««*t#, 2tzrm3aiMm*H.*M 
r^ 1 o««ik. ^mmmi&mis ± o*^ 3 o«« 

l^^-;>ns:tT?, y- hmH£7i2sEi-4x 
mti'j?%< ti>$ttzt&®®.t-i-**m&te*&it 
E«i£fi<ogiiI;fri£o 
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*igk, 

»B3»*^triWE*#flEl6««±lii±t:» »l,-»2ii 
ttfB*2 0|6JlW©*B*WRtt»=HS*U SUB*®* 
K, *«»«W1IM£*I'*K is J: IP* 3 

imam 2 1 ] #*#««o±ffi±u, f 

fcfl-LT, KBSitfc*'- hilt. 

e k * c k *■ # is k 1- « ^twatt^aMMa** 
s. 

i»9i«>B«iflcftijin 
lo 0 0 1] 

e k w*i4*s^ieii^fi * m— r- ? 7*±kzi« l 
mmm^ma a xr -5- ^siit^-ft k ■+ * • 

[0 0 0 2] 

[f&JftO&fff] $£*OEEPR0M (Electrically Era 
sable and Programmable Read Only Memory) ^CO^FfH 
* 'J "CJ±, low-feA/|:I44 2cwL.iv>fi[4 
US*.* £kT, 1 oO-fe/HC 1 tf h^cDlf^irtait 

i-*„ £mc»LT**y*lft*fl:ofcJ6, loot* 
K4o£U:«>L&vt4t*ttrt:-*. 2 tf 7 h fJ-WJtOtitfft 
* l-cxo-fcJHCfiEtrf *a#*«tl*S*trv»4 (M. Bau 
er et al.. ISSCC95, p. 132) 0 L^L, -cDftflSSrll 

Rimi^r l (> fie* k B<f<ottifet»* i k i±-e§ * 



;<Oj!fli, Rjt#Si)jMB:v»i:v»-*|HJH<> 

ff^-»-JI*?nrv^ (B. Eitan et al, IEDM96. pl6 
9. Fig6) o Sfc, -?-ttlC5S<ao-b;HSitk LT3M89J 

**Jafl»tC«*S*lTv»4 (#S«rlr*9-tM 8 8 1 1 0 

8-i-) o l*u *n&-t/u»ao«ai«»±**icii 

io fcv^k^^S^&^o 

[0 0 0 3] — ^OvXf A • • -J-y-fnW: 
**e>«*«K##&*f8*^'*!**»«tt>*y k& 

y±CStai-4*llJWlS4"9tv»* 0 EEPRO 

f&tl;* -t 'J kSSattft^ffift^-f * » ? R AM£rk 
tiVLSIOSS^iLfv^, cC^>#, 
^^■^5 7 ?RAMC?J<* , J-tr.>H± h U > ^fSit^* ? 

[0004] n-T&r- hm.<n^&&* v-t^ 

[0 0 0 5] 

n k ■*•*»«! *»Wttx ±ie»*^ 

b a-Ofll « t E«-t * - k i J -C # * *»«te¥**MB* 
&W.<?>mig. SrStti" * - k Sr § W k -f * 0 
[0 0 0 6] *%^<7)teOi6<)l±, fS*^$!tiS7'n-t^ 

40 "fii C k f ^4, 

[0 0 0 7] *»wos ffim^-t*« 
[0008] *»wo$e,»cnftoB«j«±, w^aajftr 

iiS3#£&*!%*WLTn't&£»f&14>^ 1 ; * fie L/c* 
[0 0 0 9] 



& 2001 -1 56 1 88 (P2001 -1 581 88A) 



£l oy- h*««>BiS-t»c» m#g««£^LT. E 

t?n/^2oy-hiit, giw-nit^2 
< i <>:iMrr4*»s&te*i(WMEB»B-c**.r t-e* 

[0 0 10] ^:|§^<75^2 W4*»li, **#««W±iS 
±CEI?nfc, Bl, B2iiJ:O f B3*>ttliRjJ»fej£ 
-5, y-F«f!t, B2©«»ROB»fcEBSitfc 

•£> C <h ~C ^) o 

[ooi i] *&m<r>mz <7>&mi. ^m^^smz 
mmmt m&te^mmmMW: 1 * now z> ^mmheb 

*ft»«<3***>±«KEB£*utB 1 0 + B*ft*K*, 
B 1 ©T»«MI«>JWiO±»KE«S*i«:» 1 OBffif 

bbb t , » i o+miefui* ± cm i ©«#«««?> 

±*i:Elifiitil w±a5«6»mt. Blo±«M6» 
■o±»KEI8iiit:ll«)y-Htt, *^ft<fc 
<>*BU ««tt*Bfl£E«BBtt* *»fltife«w±ffi 

±t;Ea?n/j, m«xfimfiiHi2:n-«-«i-^&A2 
m2<oTU&mm:t. *mmwmw>±b±c, *oB2 

OT»*fi«WOWBKEBSnfc*SI6ftRfc, 
*»feJ«4B2«>mWB«Si, * 2 OT««liWiJ J: tr 

B2«>Bff*&Bo.b*cEB$*i.*:, ^iwji^is 

«BKO±«KEfi3*ifcB20-y- hBBi:, 

[0 0 12] *»9i©B4o»«»i % T-m%i±¥mmz 
bbb t ««tt4^«flEiE««a t * mm- & *mmm 

©±K±KEBS*ifcBl©T«IMMtfc, ^1^T«|5 
B»K«>'t'*©±«KEB3*ifcBl©*H*ft»Kfc, 
£ 1 «>Tff£IMt«>BBo±ff i=EB£ JifcB l 
I»it, mi «»fnifilUIJ3 J: ill o 
i*KEiSftfc»l 0±IBIfilHR2:, H 1 ©±£Bif&iS 

«>*BU »Btt*»fcEBBB»i, *«#*«<D±ffi 
±KEB3*i.fcB»«IMti:, BBBNUI±KEB&*i- 
fc, BiwBBB«BfcB-*m*fe*4B2<o«WB 
BBfc. B2O«BB«B±fcEfi3iT.fcB2<0Jt«« 
Sit, »2 0±«5ttMW±CE«**i.fc*2oy-h 

mat. t^ft < t t*«-r*. 

[0 0 13] *»9iO*5 0#»l±, 



(5) 

tri|ti»#*«<0±iS±»cEltSiifc. BK B2fcJ:0 f 

<OigS8KEB3*L*:SWB«Si. HSBtRJiKE 
lifJifcy-Uti, t*4< t **J£3S14 

*mmmebbb-c*4£ tf*4. 

[0 0 14] *«9§©B6*>B«HU #3|#g«<7>±ffi 
±KEBSfU:i!!iffl*fcliEI«i:» OtB££Mtl!9ttt£ 
fr*»«6*©±B±KEB3*ifc» Bl*J:crB2© 
£MtK*6A«. r-FBBRi:, Bl «J:ilW2«}ff 

tt**fMBBBB"C*4 i t -C&S 0 
[0 0 1 5] **9JOB7 04#»li, ¥##*«<0±® 

y- hBttW»»KE«S*tfcl!3«k, EIBfc, £ 

»k*4M.t, BBSii&BBBftB*. *^«c<t<, 

ABU mWS««l±, f- + **«*JsJ:O f v-*KU 

20 [ 0 0 1 6 ] 

[«W©HJ(tO?BIR] JrFBIBfcBBLT, 

44fflJ^-g-iifCV»4i t lit t,^^*Jo 
30 [0 0 17] (BloBJfceBB) Bill. *BB«>B 
l «>Bifco3gBtc«4^a«tt**#^ * 'J * 'J -fe 
/Mftttfc^l-BBH-e**. nfflM 
OS h7>w?tM?tiSo *BWoB l <r>mm<r> 

t±, pfi*»flcawi«>«Hi;r-hBBdB2t^L , r 

®Ui$-fE"#B?BB 4 ( 4 a r- 4 -b-MlRtf fe tv^ 0 i O 

^#s«S4»4«^«it5-WLTii»), tts imimi& 

fkH5, B2B«<Bfbll6, B 3 BM* 2 KfkB7 "CB 

40 B$<xa 0 . $ feu , : ^wsa^ 4 o±ggu i± m2r- h 

(^*li!ttli^&4«"'BBBBS 4 <51iWlcT±TT 
> - jw 4~9"^ J IS: ttfeft-x ;ot-f 
-t9 0T«Opfi**#«ll t=l±, f-v*^B«»= 

SBB-i 0 «)*Wi:ttlti»^tl»iMEo n +SlEft 

4, B2y-nTB8*J:0 , n+fiaiMil 1 *fL-C*t 

o*®(c(i2gaai 2*^(tfen*o iir-ns3 

t»2 y- hBS8 liilO^ffiB 1 2 S:^-LTl|^;6<jtc 
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[0018] ^m<r>m i <nm&<7>Tfm\z&z>^m&& 

■=£ ') co* * 'J -fc /Hi, v <t K 

>w**ffi>M*»iMw> n - aiietwi i o t&jf&yim. 

S<Or> + IKEi 1 ltMLtLDD (Lightly dope 
d drain) «iS«r*LT^*. fLt, * 1 y- 

4 ^SffcBI 6 S ftfct^tfci: <t o T 

££*L*v»fc*flEOgfl:fl-*IE*fll*«> "0 0", 
"0 1", "10". "I l"H*tJS***o S&K, * 

[0 0 19] 1 OWtO»iC«i^ 

Sf&14> ^';<Oitl^tCOV^TEI2 7iSll4 £fflv>Tl8.9! 

<Dmmmx'$>2> 0 mat. m^mt&^immi-^m 

^'J-fc/KQtfiii^BtKti. y-hGKJKWE (- 1 

ov) *epirau mi*»;«^-«:*«-r&KW»»«4 b 

Ki£*-f* KW VDKJSWBE (-8V) £*Dx., 

fc, f-^^/WSti:^ (Channel Hot Electron) 
U -«0&«^;* j m# ; g i »'f 4 bOttffcR 6 

So *#Wi:i±, 0 3 \zmtt. ? K, y- h G HUE 5 
VSrflDx., |W)B#1Z KU-f >Dl-aE3 V^eniDU, Hzft 

■te*offl*«i, 0 4 ic^-fj; o ic, y-hGK*«E 

6V) fcepiinL, JB*S*i4t*fWI4bt:3fi 
Jg-f* Yl"( >T>izjEWK. (-9V) SrEPSDL, 

an 4 bica«3itfc«-?tttiai"*ii:"Cff*>n*o 

[0 0 2 0] *f6WO»l<o|tlSojgS8K«*3F 
}f SH£i£$#j< 'J <0 p» * 'J •fe^O«iS*ffi<r H 5 75S 
HI 9 *fflv>TSi^i-* 0 £r0 5K*1-.fcoU, pM* 
l'±K»Blfl:K ± o X 2 5 n moy- h *§*§IS. 
2 *3BjS+4 0 «v»-C, p 1 £®K LPC 
VD (Low Pressure Chemical Vapor Deposition) feU 
i. *) nlitllpl^tl* K — 7" L 3 0 0 nm<£># 

yf-v^ttWKJ: h^^-->^L,, Siy-bSI3 

fcj&a-r*. 



(6) 

[0 0 2 1] ;fcic, 0 6 KjjrtJ: -? K, v- 
CI 1 K 1/ -f > i M 1 4 it") P S%l#i« 1 «f 

9 0 0*C~ 1 2 0 orwRftfcliat'f'-CfcftffcU 1 0 
n mO* 1 RffcR 5 *o LT, « 1 RffcR 5 

±KLPCVD£KJ: H0nm-100 n m^M-ftJI 
6£it«L, -?-«9f£9 0 0t;<?*Sf&j&®jffc£>*vMiC 

wDmzx*)m.imem.m\z5 nm««©*2BHbit7 

io [0 0 2 2] BTtC^I-iTlC, *2»{fcR7± 

Kfcfc^tfLPCVDSKJ: 2 5 — 2 5 0 nmiS<0 
#^ B B a ->'J 3>«:16«Lfc«. R I E (Reactive Ion E 
tching) &!,ZliZ>mX&^-y1-yr£ft^\ £0^«fl 
-> n >I, g§ l StffcJifl 5 . gffcl!! 6 is <t irm 2 KttK 
7**ii<b0>§W$}-*f»tlK*-*-*wfc-e. ±«U*2" 

- hmms **i-4,«#is«^4 **i y- hseffib 

[0 0 2 3] EI 8 KtjH- K, ft**Mfe«J£«> 

■ n-fflltfyil 0*®JSi"*o n-fflitfWl OJi-f* 

20 > & A&ffi »> » i y- h *s 3 i» i tr« 4 

[0 0 2 4] 1 9 i:f t i i c> Stiff 4 <o 

%igJt O n +at£ttS 1 1 fcJKJft-f *o n +MI£tS:® 1 

If 4 £ <fc C/ f "9"'f K«> * -/VX^-^9 ^tLtn 

WW t fS1±fb-t- set trjgjft S ft* o 
30 [0 0 2 5] ^H, pSffffiKl^SeCVDS 

+ 2!ffif{cl 1 1 *fi-? , *iO«1Bl=Kllkfc*2' , J*'f K 
b IBM 3 isi ifm 2r-MI8 ±OAIkj^^ff v 'J * 

40 Tv>^^s* j fe-&o tin 2 3^*«. ±fajy.n<o®a 

[0 0 2 6] 0^«±L'iv^7!|t > 01<O^^'J-b^ 

*Ig, BB«}KJftXe, ^r>^f>a >K3e«IS» 
OltOCMOSttSIlilll*it, S$?-6<J'5:^»^ 

ti^^e 'J -t/uA^fiEi-^o 
[0 0 2 7] ^StWCDgiKDnMcOlfmAZiLtltf, ttff 
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(7) 



T-jiJ&1-*J§£tcov>Tls£9§L7L-^\ pIMOS h 5> > 

[ 0 0 2 8 ] 2 05taSO«ffl) **9J<0* 2 

OHM«)JBS*jKW-r*o HI Oil, **K9!«>ft2«>H 

«io*MK»ir-neiMii 3&JtLrm2r-h 

Mil 4*«Rlt?»*t* 0 *LT, ^2r-h*g«^l 
4 0MSStci±S??S«S4 a, 4 b*«?tii 0 *.2 
y-hffiiI14i3J:^lfI»i4a > 4 bJtKlilg 

3 y- MUtKl 5 i^Lty- htt3d<Stt&fi 
■So y- h*S3ro«ffiK:i±SlffcJRl 6 fr^LT-y-'f K 

t»-t*fi^n»«t«>ii-aaiMii afc, ;<o n - 

1 0 Wfl-flOUffitt-f n 
tic® 1 l**K»t?>it*. r- 1-^13 is J: t/n+ affile 
1 1 1 •C-ft.-PiiaftlBCIiJHM 1 2ii*tSHibti2> 0 

[0 0 2 9] #»W©*2 0|liSO^J||fc«4TO«Wfe 
t'JOt'J v -xffit&is J: Ki/^f 
>«W*fi**II»««0 n -SfeffcJi 1 0 fcflffiKftft 
&<Dn + m$Zmm 1 l-CflMtLfcLDD*i6**rL-CV» 
4. *U, h««W* f »iy- KBMWl 3 (T 
1) , *2r-Hfi»Rl4 (>PM) ±3«t^3y- 

h«iI15 (±B) *fe4*3»««K-C*«Sii, 
W.17- h««Rl 4 0iraHBfClitt1HHM4 afc«fc 
If 4 b«H4. ^<73 2o(OS;#S«©4 aiJJ:?/ 

4bicm^^s«L. -e-oisMWKtt (i) w.ffi%mm 

4 a, 4 bO^rtt&m^fcSaLTvifcv^jgi, 

(2) mWg«J§4 aO*i«tft»«LTv>4tt!!!, 

(3) Mf«l4 bO*i«ftI*UTV»itti, 

(4) Sfl«64a, 4 b#«f tI«Utv>4« 
SK tfMoOtK&fcfc D#4 0 £<75 2oomwS»Jf 4 
a£ J: If 4 b fC^Stt^S^OWiRUJ: ottCS L 
&v>M«E<0SEfl:fl-*|E«fl!*O "0 0", "0 1", 

"io\ "i 

«jtTI±SWS«S 4a, 4b l±f- + **«tt»tt©± 

4a, 4bO« : fOf«ttffli:«ffL4v», Lfc* ? o 
r, Kffig«/f 4 a, 4 bO«T-OiB^£KJ:4ilfH* 
(over-erase) «iffrlh£:rU -£;rUC <t I? aM*tCgS-f 



#*M*'J ^liat^4 0 S#S«14 afciOU b(i 

c v Dfttc «t i,n.^fwmmfj<o^^y «j a >2ftist-c« 

h OMR 1 5 £ v 'J 3 >R<tK ( S i O 2 1R) © 2 f§« 
io SOM«^?r*i--&-> i ;3>Sfbll (Si 3N4I) f 
«*i"*ltf , v V n >^fkMm*KJP7i»4 n m~ 1 1 n 

z> 0 tzt •> ') a >mtm&nmw* { 5 n m© -> >j => 

* (DT) ttAttfg?ttii''o Lfc3i*oT, 

fto * 4 h -rmzii%w,i±MVt%i L <D&mit i> sin t & 

[0 0 3 0] *»WO*2 0SlifiOJgl8K«*^««tt 

>®MwiStJEiS]±Wgfi<jTn -affiles 1 0*l£»t, 
LDDfllalifltJffiLTV^^ y>/^Kl-f 

;u k u -f > fllii-e v - x itK Ku-f >W$& 
Mutt in, i2r- h«4tni 4 i±iffit§4 

a -4 bM<0'J-^«r(»jhi-4**, ttilfy'Ja^S 
1 4ldffigfS^S:#1-4^JSKfkK*fflv^tf, 

LX\it:tx.tfT i02> Ta 2 05, Al 2O5, P 
30 ZT, SBTi ? *4, 

[0 0 3 1] *%WO*2<0SlifcO3gJBlU«4^ 
a^-tt^-tyofif^Jcov^Tigi 1 is «t El 1 2£ffi^ 
TRSt*. Bl Hi, Siii^l&^^SiW-f 4^«% 
14>^e 'jo»f®ll-e*4o Hi 2»i, «*»f^tRWi- 
4^«%14^^e>jo»fBH'C** 0 Hi nc^1-«t9 
C, >«'JHrA'«>#&j&*l¥£ti, y-hGU7~8V 

(CHE) -C*?-* KU-f> «*fflO««*«Ji 4 b 
to K&Ai-£o 4 a Kfc^f-Srft 

•;-t;K7?M±i±, Hi 2 ic^-f ± t r-hGi:tl 
JE (--5 V) -ireniPL, 7t t7 7- • y;u K^-f A 
(FN) ah>*;wmSS*5pJfflLT$W$«/S4 a, 4 
b*»?>*^-*3l*a< ifc-efftenio i^, y-hm 

so 1 t|^St£ti-^tfJ:v> 0 pS^##:«Sl(0S 
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f?jgffift (Floating) fc-fJiUr, KU-f>Dffl<OlSS 
f»S4 a 0<*7>e> 1:^*31 #i£< CttBTBgT-ib^.o v 
-*S<B]<0!:}Br!S«i4 bO^^<b^*?l§»<^ 
K»iV-XSC:IEgE££P2!QU >D£i¥-3£mfi: 

[0 0 3 2] i ;-t;K^##^A.i±, ^^e'J-t^ori 

FNSjjWJfflLTfi^ C t it^o Y- 
hGt pS¥3>#*«lHKl 0 VHSfcEDiDU FN 
mBS-C-^^S#S«®4 a, 4btcaX1--&„ -<0* 
£\ Y- hGtf&m-t S*V-t}\<lzttW\&fi~W, 

[0 0 3 3] £ £12*14 L&</^\ * ■€ 'J -t ;K7>gjc«fcfcb 

**ftli-*C4:-Cff*>n*o iWf«§4 a, 4b«f 

ffl-r^tcD-C-^^o V-XS, DO 
7 4 ^UVXeitttttOKH^HV i:ift*^ * 

[0 0 3 4] ^(C, *«9iW*2©^«>J§aB!i::«*/F 

a5Ht*##>* , ;o^* , j-feA'0»a*ft*Bii 375 

IB19.*fflvrR9!t4, *fHl 3 

P 12¥&#*4£ l £ffiK*W**fBa«>'h 5 v>-> »; a > 

afbR**«L, 1 0nmgKO*iy-H6ltill 3 

fRl±£i xlfj VD (Jet-Vapor-Deposition) ffi-Cfr 
J VDifcKov»Tlifcfc fT. P. Ma. 

IEEE Transactions on Electron Devices, Volume 45 N 
umber 3. March 1998 p680J \Z%?MZftZ>o miY-Y 

mmm 1 3 cvDSciOv^ >»fcfli*jft 

ffiU 5 - 1 0 n mlS<0$ 2 Y- h&mm 1 4 4r?fcjS 
«v»T J VDttKJ: ^WflSiAO/hSV'}") 

3>a-fbn*J§«u 1 0 nmm.m<vm3Y- y&mm 

1 5 «:JB«i-*o 

[0 0 3 51 ^:, laucftiTC pl^ftS 
Sl^ITCLPCVDftKJ: •) niitl±plJF«ti 
K-yLfc50-2 5 0 n nvgJK<0#-*SJ|v'j = 

-->VL. Y- ZT&tiZ-fZo «vvc, h 

j&ati- * p 1 cosffio^ ly-uft 

»Ri3, i2y- h «ftie 1 4&*vm3Y-htm 

[003 6] #.\<z, m 1 5 n 

&L<r>tztb<?>Qm 1 7 ZMtiZ-t&o wCO^H 1 7 14, Hi 

r- h at'fbR 1 3 & x vm 3 y- h mmm 1 sa*)i»m 

2Y- h&mmi 4<Oi-y^>^iSS* { ±#V^x-y^> 



(8) . 

VWLi^rm2Y- hfettflgl 4 »a«BSra*?WU -7 

His^s-cii* » i h &fbJJl i 3 ij «t y-*^ 3 y- 

h KMfcK 1 5 Sr v 'J 3 >Sffc«-Cfl|j£ U * 2 r- Hfi 
til 4 *->'J 3>^fkSlT-«^LTV^cor-, x 7 f 
>y&t LXlt/zt x.li7 vSt*S:fflv»fUf iv» 0 S 
IfftlMwtdO^H 1 7 14, x.v*yyiSL 

io «fcv> 0 

[0 0 3 7] 01 6tc^-fJ:dU, plfiftl 

« 1 £ffil- LPCVDSi:i>) S#H«t67J«Oi^v^-> ') 

3 va-fbin i 8 *w«f*sMJBja<ofc*!>«>£mj 1 7 a*9e 

-£i;S#&£;Jx4 J: 0 Ki£«"t4o fit, i 1 7 
-f-tdl-, pI^MSlMCJtLTRIE'CJ:- 

[0 0 3 8] 121 8KS1-.fc$K, pS^fM 

20 £ 1 tc^f bR 1 6«L fi/p«*aiKO n 
-MffitfeS 1 &*$JA-r*o n~ai£tfc^ 1 0li^^-> 

ttfb1-*-£-c?&J£i-*o 

[0039] ^c, mi gu^i-ioi-, r-hm®3 

M%siK<On+S*!£tS:^ 1 1 ZKf&-t 4 Q n+Si£tSc^ 
1 1 (±>f *>m\ftm\zi *)Y- h 3 *s J: K 
■7 t-;!/^^- 9-9 t LTna^^ftU^ztX 

30 l, ^of^^auior^ALfc^^SriSttfbi- 

[0 0 4 01 ^C, pfl*i#*«H)4iBCCVDu 
iTtliX-'^y fSt^oti'V/^f >, an' 

S« l t^iStt»B*C«fe«ma+* i biz£t) Y— Y 

m&3t3£Vn+mfa%km 1 1 -e-tt-rfuoOTK^Ki* 

tSv'Jt'f K"C«*Six4*«« 1 2 iMi&1rZ>o # 
jft***Bt*1-iitf, Ell OKSLfc^-t'J-t/HHia*' 

40 4 o 

[0 0 4 1] )5:i>\ H^liL'iv^*, Ell OO^^t'J-t 

t>WjS#WCMOS»iaia*IH^feliT, S^W^^ffl 

[00421 dO-tTlc, 3(tf&^W^2||i&0^-C 
14. lfl«14 3*5 4:^*4 b hm^3<?)M^<0 
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[0 0 4 3] ^ffi4 aS-fctM b<0^ + * 

^ft^rfi]<7)ifii±^ i y- h *6*tR 1 3 is x i/m 3 y- y 
rrr 1 5 1 us 2 y- h mmm i4<ox-yf> rags 

£ A [fx ? -f- > ^u#fg WCTId I- J: ^> t§i \zfflffl-C # 
4. -e^lCJ:*?, «flfSR«4 a & XV 4 bfcttftKB 
tt^. tLT, ffffttl4 a fc 4 bl±^2 y- h 
fill 4»;J:or*$tWU^»C«-*S*t40t?, « io 
ffi^mm 1 4 a i 1 4 b BCffll^liei <b &v>„ $ 
fcfc, *WBMP4 a*J:cM bli, v-*ffii£, KU 
-f>^, y- hfc«3iiJ:cr*-**;i'R«;*»e>, It 1 

^>«iHi 1 3 , %3<ntmm 1 5 attmitm 1 6izx 

4 bliy- MS3 coSSC^ <bf- + **«l*#fiJlcE|E 
LTJgRSii, tff«i4ai5J:cr4bOHOfir 
7- frffit$.we>tilfr<r>W,ffi%9tftM \zx^x <r> 

* 1; § *. 

[0 0 4 4] -t;ufl}jSHa#<OCMOSIS-C 
[0 0 4 5] (* 3 OfcROJgR) *S&93<pg 3 

- b *§*tR i3i->'ja >Kfbn> m 2 y- h rhir 1 
4 * -> -j 3 as 3 y- h &mm 1 5 * -> 3 > 30 

gUkXtiiZ, Ell 3»IB1 5**HHL-CK(H1-*. 
[0 0 4 6] *»WO*3 0RROJBRKR4*:»«tt 

h*s#Ri 3 £jgj£-f * 0 sir- f-*£i§R 

1 3JBRR, J VDttUJ:**«*««B*oftv»->y3 
>RfbR**«L, 5-10nmgS^2r-h*Si 
Hl4t»«t«.«v>T, C VDSfCJ: »? ->U 3>K to 
ffcRfcRRU 1 0 n mlSOf 3 r- h *g|£R 1 5 Z 
Mfo-tZ (01 3 #88) o 

[0 0 4 7]#CU, pIWMSltlCLPCVD 
St:±t) nSttlipITOftS: K-7*L£ 5 0-25 

S3 ZW^irho R»tT, y- hS®3 t LT 

V-XRtt«j.fcU f KU"T >ffli&£^j£-r4ffii&CDpl!-¥- 

ififiKosEoiiy- hRRRi 3, mzy-h 
&mm 1 4 i> j: i/w- 3 y— v m.mm 1 5 * i er^-wu «> 



X-;f>m (01 4 #{!?.) o 

[0 0 4 8] *U, pi^ttl *R»fbU pi 
*»#*«l£ffiK»v*yy3>RfliR«:^R-*-* 0 * 

oifigiMw/^^^H 1 7 miy-v 
mi 3&xvm3y- neRRi 5 x <o i>&2y- \-m 
mmi 4<r>z-?i->y&ig.i) < i<:&^3- y?->ytiLzm^ 
xmiy- vmmi 4©ss«*aMRWu*i7 ^X7 

t-i±, miy- v&imi 3&xvm3y- hsrri 

5 & v 'J 3 L, 2 y- h 1 4 i 

a^bm 1 4 ti&mmmiz x^xitntA, t-mt s 

■f, i«)<:*Jiyf->^oa*?ttttIfilJt+4 (ii5# 
ffi) o *W*«*JB«OJti60ffiB 1 7 ti. ^ y 

t> yWLzm^tz^ v h^yj->y&\z^z_xcF 4 
—x$>z> 0 

[0 0 4 9] (IMOXttOTgffi) ^tZ, ^M^W^4 

<r>nM<vwmzmw-t2> 0 02 o»i, $^<o$4on 

t^i-KliiH-C**.. *35WO*4 0*Jfi03Bffl»±, > 
tV-t^*pIM0S h 7 >yX?T-SjSL^* 

4 0 111 2 0 ic^-r «t -5 ^n^<7)^.4 <oni&<DMmiz 

3I«1 9^«Stc^l y- Fffiill 3 J^Lti2r 
- MSIKRl 4i*tt»t5>ft*. -C-L-C, $2^- h«M 
II 4 0W«(cl±mWS«e4 a, 4b^JSSfL4o 
S2r-hiffiitgl4i3J:Cftff»i4a, 4b±i: 

tt4 0 r- hSR3 0fllS(:aRfkHl 6?:^tT-9-^ 

9-9 0T«OnSl**#at«l 9 icfi, f- + ^;u 
«*(=«1-*®^«»«JSOp-fil£iMI2 0 t, 
p -Mffitfc* 2 0 0*1.flHcttMi-4*^jK»fl|R0 p + 

aafic^2 mnsnthtiio y- ymmstexvp +m 
wl%cM2 i *ti* r ti<Dnw\zii.mmm 1 2 * ? is:tt<b*T, 

£ o 

[0 0 5 0] ^CIC, *»WOR4 0||R03g«BK«4^ 
»^t4^-=e';<Oi6f^HOV>TS2 1 is J: 2 2ifv> 
XUm-tho 02 1(4, #Sa*ttf^«:RW#"4^»« 

tt^^e'josff®iaT*4o 02 2ii, m&9hftz®.w-r 
^m^ja') <Dmwmx$>i e 02 initio 

s^sssfitti. z\(dx*> \zm,s.zmaL, /<>k 

-^"> KIHh>*iURRjlSHOR?lc Kl/-f >?IitJS^ 
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>J-fc;K£>tg*t±, 0 2 2 K^irX o \z % Y-Y 
GKHSJE (-- 5 V) FNSsfLtfJfflLT 
ffffi4a, 4 b^e>m?-5r§l#fe< - tT-ff^^t 
h 0 ttz. Y- Y Gm«0>^'H^t-M$ntv^ 

[0 0 5 1] 'J -fc.'Ka* &f£W<D$g2<D 

ff^^t^HT*** ^O**. y-FGi:-2. 5 
VgJg, KW >DC- 5 Vgflffc^JvPtiePiOU V 
-^StSife-t-So CIO J: 9 KSJBEfcEPinU 
JftWT-T^* KU-f Vffi&ifflWSWSSt'B 4 b K&A 
i"*o V-*ffl&«!l<0Sffi¥»S4 aKfc^fcfc 

A1" 1± Ku-f >d, v - x s *ix*rtiiz$m-t 

-5 SEE* AfL#x.tt(f <t v» 0 

[0052] itzmTFitltz^-ti*. -b^^Bc^tts 

^at^wttlibfli. If 1114 a, 4 bOf 

4 T 7 -f -5. a»tt*ill[{£»i»tt©ieWj& f SHI KRtL * * * 
iitf J: v» 0 ^Wg«Jf 4 a Si DM bW4o©| 

ti\Zl f) loco-feJU-C2 tf-y Hfr<OflMft4rfE1lT£4o 
[0 0 5 3] (* 5 *%W<D% 5 

tf-e-oHiaiattf: Ltfa-/-, 

ft. g?<fcffiL@ft, T^-arSIft, #«OI/0IIft,. 
Jg!ffi"C«±, £*L&JH3l3»*1IMS-i-AM0S h?^* 

So 02 3(i, *»W«)»5«)|SiS«)3gJRlC«4^a» 

*0>«A*j5*-t-»rffilB-C*4o SI 2 3 C^t±o * 
^co^5W5tife<off^uJ:ttif, **'J-t;i> l>7>y 
79 (^Ut;Hr) JSL^K**- 7 
aiS<75MOS by (Trl~Tr7) SrH^f 

Ho fc±>\ 12 2 3<D^^')-t^ h 7 > v**J±0 1 0 
C^L/^ ; E , J-t*h7>y'x?t?4So £ £:> MO S 
b7>y'X*T r 1 ~T r 7 l±i"^<T nlMO S h7> 



(10) 

fEtfcJf 1 Ois.fctfn+SffiifeJI 1 1 > iSm® 1 2Ii0B 
iIS<t4fc*t:MLt**„ MOS (-7>vx* 
T r 1 ~T r 7 (COV^T *> |s]fi|-C*So 
[0 0 5 4] 02 3 IC^LfcMO S h7>y7? 

<Dm&jj&zm2 47^03 o tfflv^rgi^-t-So t-r 

(3 2 4 Ktk-TJ:^ K, p 1 £® K J V D i£ 

l)tff«il^?i>v'J 3>fi{fclt**«U 

1 0 nmiS^iy-hWl 3 £l 
y- h*fcfiBgl 3Jg«ft. JB*l0>«jtett«iJJ:O r K?-f 

<^)^ 1 y- h*&*iflll 3 i^iti. -M.T02 5 izm 
-tXllz, C VDftlcJ: ») v'J 3>Kftm«:lt«L. 5 
-1 0 nmgjg<0»2y- 4 *J8j£1-4„ £ 

2 y- h £IBK 1 4 STtS^iJ X V K7 -f ^ v 

¥>y&mz$.*)-%><r>&®.<Dm2Y-Ymmi 4 *• 

Sfe*+*o Mv^T®2 6 ic^i-«t JVD£«c«t 
«W*«l6»0'hSv»5"J 3>a<fcK4:«»L, 1 0 n 
mgjg<0^3y- h{6111 5««t4, ^3r-h 
1 5 JgJgf*, STfeS^iJ *VV<5 4 3.vr>7&. 
20 ffitrj: »)— S|50SitO»3y- h&mmi 5 

4„ doi^tcL-r^iy- Mftilfi&i 3, mzY-h 
&mm 1 4 & * 3 y- v t&mm is©! < 

[0 0 5 5] 0 2 7tC^i-«t ; 5 pltI#S 

K-ytt5 0-2 5 0 nmIS^ B B B y'J3>IS: 

so y- m®3 &~?7\ 7 t LT K7-fx-/f ^/Ci ») p< 
■=e'J -t;i/ h 7 MO S h 7>->'^ ^ -fti-f tL(T 

i o*iw>i i y- h ««a 13, m 2 y- h 

&3tmi 4*JiO f *3y- Vil&tftRl 5«rl^*i--5.o 
[0 0 5 6] ^tc, 028 H^-f ± T IC, MO S h 7 > 
^Trl—Tr7 Z>ffii&*7 * h Y 

2 2TSv\ ^^e , J-b;uh7>v^^Sr^fiS;i-'5lIJaSr 
^i-y KJL-y^>y"tS„ X -y f- > y'jgtiHl Y~ Y& 
ftll 3i5«t^3y-bif6i^BIl 5 «t •) fc^2y-h 
-<o ftUKHl 4<??x-y ■f->yaSEi f *iv>fco«r?«ffli-4o 
Cco^x y + y>f\z X *) * ^ 'J -fcjv h 7> y^^ 
tJB*i-***0»2y-h«i»Kl 4 0»«ta«W 

fbK 1 3 *j <t xrm 3 y- h^bs 1 5 * ■> y 3 ^a-ftm 
-c*»^ l, it 2 y- h isstm 1 4 * -> u = >mm-cM 

jELTwiCtr, xyf->yi8Lt LTIi/ct x.lf7 ?K 
^Srfflv^tL(fJ:v^ -5-LT> 02 9K$i-J:^C, pi 
¥*fc*«l£WKL PC VDSCi 
so ffiv^>'J 3>g<bmi 8 «:SWfSlMOt«OgH 
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1 7tf?t£iZMlt>&itlZ> X 9 U*R~f4. ^'Ti3 

OCftiTi:, pS-£i9#*«i£ffiK*tL-rR I E 

**JBJS1-4il*»c«W*«tl»0«^->y 3>flftR 
■C«j*S<i<:*flf*a* 4 aJoifM b *3Bja+* 0 * 

[0057] *&wvm 5 o*jfiojgfflic i tux, mm 
vmz h y- h tmmm-t * 7 ii^mo s h 5 > •>* 

J* * T r l-Tr7«r>^e i ;-fe;l'h7>> ; ^^t |s|B#tC 

nIMOSf7>-/^^ plMOSh7>vX?*t: 
H^T-i&o ^■t'J-b'A' h 9 J: l/MO 

S \>7>iSZ?T r 1 ~T r 7 0y- r-S&3l±|5]— # 

[0 0 5 8] (ft 6 OtfeBOJBS!) <fc»c, #f£f80ft 6 

±^Hai-*^l«:^i- i i)WT-^>* 0 H3 Hi, #S£i$<0 
W^tt^ * 'J <o'^ * V *JUfltjft*jj*-*-|flirBU El 3 2 

■C*4o 0 3 lOTO^^'J kH3 2©»fttt> J E 
[0 0 5 9] (A) TpJf^-tt^^'J 

03 nzm-txniz^ ztnmeonnvwmiz&z^m 

»tt>*'JO.X*'J-fc;HiniHM0S ^^y^nt 

1 3 *7>L-C»2y- hMl 4&1Srte>1x*>o ft2 

Hfe»Kl 4WW»C»±mflf*««4 (4 a, 4 
b) im&Ztiio %2Y- Yfflmi 4&<fcU f «# : g 
^S4±lC(ift3 y- Mill 5«r7>LTy-hm® 
3*«tt»tfeii4o y-h**3 0«lBKttttft«l 6* 

K >7 * - JV * ^- ^ 9 cOTSRco p 1 ©il 

u ti, f - + * jvRR Izmir h ft^HttiftK o n ~ M&ifc 
not, c<on-ifiti 1 otDWiK&a-r*^ 
i@.%)mm<7>n+m$tmm 1 l^tt^tt*, y-hm« 
3i»j:£rn+sa:tMii 1 -f-^^no^muiisse 1 

[0 0 6 0] *»WO»6O*ifi<0JB3au«4^««1it 
^^'jco^^e'J-t^ii, v-*RttisJ:O f Kl"f 
*fi5F«i»«SC<0 n -SIffifMi 1 0 fc n 
+ m)JtWLmi l-C**LfcLDD»jt4r*LTV»4 0 



(11) 

LT, y-^iIi^l<oy-hMI13 (T 
ft) , ft2<9y- Mill 4 (4"IWft) is i tfft3 CO 

y-n&RRis (±ft) frh*z=igmmm-cmi&$ 

*t, ft 2 y- MfcliR 1 4 WMJ88BUii£*?fg«ft 4 
(4 a, 4 b) i>Wf$.2tlZo Z <D 2 ooo^^g«S 4 
a£«t(/4 btc«?-£g*lL, -e-0*flM*JRl± (1) « 
ilfil4a, 4 bcOv^-fntm^S-SWLTi/^v^ 
ft, (2) ««M4aO*Jl f l : Pt»«LTW4* 
ft, (3) H#S«ft4 bO*rt*S^«rg;ff LTV^lfc 
>o IS, (4)m??S«ft4a, 4 b#KVF-**«LTV» 

4LS V'M^fiEoSEffcfl-tffiiHtftO "00", "0 

i", "io", " i i "izimz-ttZo iit, 

m 4 (DWl-^^S.iZ J:*j§M* (over-erase) l±R*lh 

Rifcfc KU-O^MO'J-^SoEliy- h^BEco^T- 
4(iCVDi£lcJ:^, mffiWmmt) Wlvv'J ^ 

mffimmmmzm+zwmi-zztx'. TGMmmnm 

30 3, »3y-HfiJ»Kl 5 «r -> »J 3 >Kftm (S i 0 2 
M) 0 2«gKOj»«^s*:*1-*S''j3>a'fkll (S i 
3N 4 I) T?«figi-n«f, v';3>KikK^*M)?^4 

nm- 1 1 nmaKO##K*^y- hfcftHtfcftjeU 

mO'/'J 3 >SfbR<OHKRlgli 1 0 nm^Jt^^-C, 
(DT> ffiX(>ltiBSfL*v» 0 L^* J o 

40 [0 0 6 1] *»W^R6 0*»OJBK»=«4^»l8tt 

i^OitJE|fi]±<?5g6<)-en-fflffi«ig 1 0 fctttt, LDD 
fllii«:**Urv»4i*, v>y;u KU-Y >«it, 

tUw. ft 2 y- h |£#R 1 4 JiSWSStS 4 a - 4 
bWO'J-^Sr|»ih-r-i>3i f , fctitfy'J =1 vKftRT 

i)St4:t^§4 0 it, »2y-h«u»Ri 4»c 

S5«m***-r4&«BSfl:R*fflv»tUf, ■f- + *^R* 
so /;txini0 2 > T a 2 0 5 , A 1 2 0 5 , P Z T, 
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SBT^io 

[0 0 6 2] #f§l^£6<9||Sfe?>^SU-#&* 

ff f§i4#g*M * y wifti:wr@ 3 3 a a vm 3 4 

£fflv>-Cg£iE-r*o 03 3I±. ##&.*.f&fp£Is£J81-* 
*«f§14;< ^'J^SfffilHT-^^o 03 414, rS*£&ffc* 
§i^-t>&7FfS%14^^e U<ogfli0T-^>^o 0 3 3Ktt;1- 
«t?tr. &*B#ui4. r-FGC7- 

8Vgj£. Kl/-f >Di:5 VgJSfc-tit-rftEPfllU V 

SkttT- (CHE) "CST-* KU-f >a**«0«fflf*M 

4 b (cax-t-So y-^^«ffli<oswsae 4 b hut- 

•fc;KZ>m*l4, 0 3 4 Car*- J: 0 K, r-hG»:fl*BE 

( 5 V) £ePiQL, 7r V7- • J K'W A (F 

N) S h >*;V«Si££flJJHL-CSfiTSflt«4 a. 4 b* 

V-XS, KW>DlipiH3MWM6«l £H* 

Sffi (Floating) ktiitf, KH >Wffi«©WWWK 
*4 bOA3J»t* : F-«r9lia<-tt^Bt-C**o V- 
^llI«lSfti4 aOA^E^SrSI^SK^ 
K 14 V - X «S K iE^JE £ £P*Q L-, K W > *S * 

[0 0 6 3] >*'J*/l'«)tSa*li, ^'J-fe^OfH 

hGfcpffl^MHMfcfclBfcl OVSftfcaiiDU FN 
mift-em^fcaWgW^ a, 4blcaAi"-2>o :«)» 
Y- hGrt*#S1-&1t&^^*Mci4|S|B#icm 

[0 0 6 4] Sfc0^i±Liv^«, _*^ey-fc;KOf£*ffi 

tftflt4:i:t(ii5*i.i, 1W*14 a, 4brol 

mm.-ttll£ ±v»o E^S»Jf 4 a £«fctf4 bc04o<0^ 
fttKJBK J:cT4 0(75M^^SBf£fEiS^'lt* f #f>^, * 

[0 0 6 5] (B) }»IS14^^'J 

p m*&fcmu i <o±® jtK, 03 i©«2y-hii 
«i 4*«it«E*&*L* 0 -g-L-c, »2y-nesn 
4<op55b(c«±> 0 3 



(12) 

§14 (4 c. 4d) 30«3B*$K*jS f . -«OS??fS«S 
4 cfeit^ d^h >**ft«R2 3 ZfrLX pi*S 
ftftfcl w±BJiUEB?n*** f 0 3 lW^F«%te> 
. *"Jt»4*4r4« *2y-h«a»Kl 4iiA0 f ««*« 
H4±K»4lfl3r- M64HR1 5 tfrLXY- hgg3 
^tttfb*!.*. hmS3 0fi!l®t~t±^fkmi 6 

* * - ^^/^— 9- 9 <OTSB<0 p 1 <7>±®K 

14, ^■ + *^««t=«i-4fi^«»«flEOn-aia:iR« 

io i o t, iwn-Mi i oonw^&ei-*^^ 
%z&£<o n +mtt»m 1 laifctt&ftao r->ss3 

fcjrtfn+iBlfifUi 1 1 *-ft-?*ix<OS®KJ4igSS 1 2 
[0 0 6 6] a(c«?iW||S6 0|lifiO?Bg8U«*»«tt> 

v-*iWU3J:p f K w >w 

MffiiScBl l-C»jfcLfcLDD*£*^rLTV*4 0 -f- L 
&IUt2 3* J: IP* 3©**- hffiill 5 T-iff j& £ *l. 

20 $ 2 r- h oikir i 4 «>pmfft:amviKV 4 **?gia 

VRU *0»M*att (1) ^ffl«14c, 4d<D 
v»r*ti**-*»«L , Cv»fcv»ttSU (2) 
4cO*i , t?**iLtk>4ttf, (3) 
4 dOA4ni?f:V9LTv^ttS. (4) gfitl 
4 c. 4 d^Ut^ t»*LTV»4tt!8, (O 4 oO«J8 
it i02ooWf»f4cisJ:V4di:« 

»«r SEWff «W "00", "01 \ "10", "11 
4ii-f-**/i'«*Wi«o±*»;fi[«i-*o-c f-** 

o*Tjft* •) , vitrvwi 4 owofWftietff l 
4:v» 0 Lfci'Dt, «W*»J14<o* : F-oift^JE»:J:* 
iirB* (over-erase) »±i»lt£*U *<tK J: •) iSrl*t- 

sea?-* ') -^^FS:, yn^^A/pa.. ^AtHt^a^ 

t*a-C§*o **»««4l±CVDttKJ:4 

4*ttt»*it* t "CS**fe^**o v'J3> 
£3^- b*6^mi 5*^'j3>Mfk« (S i 

02K) <v2femg.<vmmmzG-rz*si)^>w.im 
(s i 3N4D -cfluft-rfuf, ^>mm^nm 

so t5 j 5 nmCOv'J 3 >afkJI<7)*SSII?ti 1 0 nmSKi 
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<7)-t\ E*J>>*A' (DT) &Xi>W&2ti%^ 0 Lfc 

[0 0 6 7] 6 <0**OJBjB»r«4»«tt> 

•€ 'jOjrf^e ';-t;i/-CI±, V-*Mi££>l ^Kl/-f 
Oltffir°l±OliftT-n -SffiiitS 1 0*t£(t, LDDS 

UV'o I2y- hMll 4»im#^««4 c-4 d 

isn-t^-eiSo « 2 y- hKiMi i 4 Kits 

txliT i02, Ta 205, A 1 2 0 5 , P Z T\ S 

[0 0 6 8] *»WO»6fOHifiOJgS5»c«4»l5tt> 
*ytNi, m#S«)S 4 c*iJ:tM dOTBBK h 

2 3 *EfiLTv»« 0 h >^;«12 3 l±E« 

■CflfcSSfl, ^t5 7^RAMi:^$H*l 00n 

sttTT©sa##a*a*aL*flr*Bfci-*o i-** 

;H£*tBH 2 3Sr->'J3 >&ftI|-eflf/£ L tog 

^ mm-rtus , -> y 3 >sMi:R&ftKJS4< 

1. 5 nmSflE©#*K*v»y- hiffe^m*^LT^ 
atl5„ hv*A«j|6lt«l2 3*r^i-4a*tKa[KJ:-9 

#ll£iift$W<o^-*«t#(iBirc£>* 0 l*U 
iHfT^-T^S 7 >RAMO'J 7U7 •> j-wmft-e-i-fr 

ft»=U^<MB4v»i:#x.* 0 CicOw 1 1±. C.H-J.Wann 
e,HJ:-5T1995IEDM digest p.867H^?tT.TV»S 0 
[0 0 6 9] **y-te*OR*&*»± 7 KU 
^ >ffi£Offfl Zfatizmz-m LWffi.itk%}-t h £ t -pfr 
^.lfSti4c, 4d<oi«»:ioty- 

m^^fflf®4 c*i<fct>*4 d©4oo*««fflt io 
[0 0 7 0] $<btC, 4:%no|K6 0SlttO®]Bt(:fl^> 

[0071] ( c ) 7Fm§£®.& x vm^hm* * y <o 



(13) 

£ltf»f^>*yo>*y-t;u<7>gJii;£i££[2 3 5ft 
M(24 3 £ J: Una 4 4 75S25 2 *fflv»TR9!-r* 0 EI 

3 5^M@4 3ii, ^m^m6<o^m<omm^i>^ 

2ii. ##&W<of&6 0|g;&<o®SKtS*«#&14^y<o 
sa is^ffi £ *-f if m m x- h h „ 

[0 0 7 2] ir@3 5&10T24 4 Kfc-t 1 7 p 

m^mfrmfc 1 £® c mw£«t&# o/j> $ v » -> y 3 > g 

ffcBt*««U lOnmggmf iy-Fffitll3S: 

10 Bifc-fZo m 1 y- m&ihc 1 3 135 <o^ji 
^>*y fcxur?* h u->*.x h-c-gv\ 

1 3 11123 503F»55tt>*yjBjail*0*C®JSSit 
fcxlf J VD^T-ff i, 

[0 0 7 3] a 3 6 a l£M2 4 sicfci-i^c 
C V DftK J: *) -> y 3 >KffcM £ p 1 £® 

20 KJtflfU 5- 1 0 nmgJKO|g2y- hfe^BIl 4 4 

->y 3>£ffc&£ii«U 1 0 nmll^)^3 y- YI& 

mmi 5 *jgj«i-4o a», H3 6o^»iMt^*yjB 

fi£Sj*»cf±*l, KI2UJ:tf»3oy- HtBltKl 3, 
1 4, 1 5J&*JBJft3it, 124 5 OJfaitj'^e 
tci±^2ijJ:O f ^3y- 4, 15«M$ti 

-So 

[0 0 7 4] 12 3 7*5.1^0 4 6 ^ IC, 

P»$fti«ltIi:LPCVDSi:J:i) nS4fcl± 
30 pS^fti K-^Lfc 5 0 - 2 5 0 n miI<0#IS a B B 

-> y 3 >m*ym l ^m, J: 

vty- hm«!3 «rvx^ t LT, 123 7 

is,?* mtgw p i ©«mw %\Y-Ytm 

hi 3, ^2y- hisin 4±5io'g3y- v&mm 

1 5 4riES^-6lJlc K5-f x^f >/fS, ®4 

6 <73»%14 > y S2y-h k«r i 4 

[0 0 7 5] >XlZ, m 3 8 is ± 12 4 7 tc^i" «t n IC, 
1 7 11, SfSir- httfbKl 3^31^3^- hfe^K 

i5iHS2r-h fe^m uox 7 f> ^as^ 

SrSiRfi^U^if hxyfvyts; btMf&-t2> 0 12 
3 8 0*«3S14* * 'J TBAfliftOttflrSftJeJ&J&afcft 
OZgFfl 1 7 i3 1 0'I2 4 7 iOJi^tt^ * 'J ^f£«J«03 Vfflf 
*««3g*rofc*OffilWl 7»lH^U3gJ*S*i4 0 *» 
so Ww»6<o*MiOjgai-C«±, Dtl y- h&ffcHl 3 is J: 
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irm3Y-h &mm 1 5 * -> y 3 >&itm-cmm u * 

2 y- httJRJRl 4 5: v U 3 >g?ftiir-«^LTv^o 

«fcv>„ Sfc, CW^Pall 7 11, xyf-v^ifcfcfflv**:* 

fc -fy X7 K 7 -f x y f- > ^-CMLT 4 «fc v* c 
[0 0 7 6 J 0 3 9 £1:^0 4 8CffJ: ■? K, 

p 1 £® * tz t x. If R T O ft K «t *) mt 

^«IMit2 3 *J&S1-*o 

[0 0 7 7] 0 4 O±i.fc?/0 4 9 J: -5 K> 

pI^i#MltIi:LPCVDfei:J: *) SWS*fl 

r, @4 lfc^oqas oic^i- i tic. pi^iftiS 

l£Bt-*tLTR I EK***^*?*-^*!^ 
*«*Bt(62ja>j(v»->y 3 >ttfbR-eflME3;h.fcWW* 
(4a, 4b, 4c, 4d) fcHBtKJ&JEI-*,, 
[0 0 7 8] EI 4 2 £ J: 1/0 5 1 IZTfi-f £ -9 K, 

p 1 £ffiUBMfcII 1 6 «r»* Lfc*, 

*<fc%itJ£<0 n -M&ifcS 1 0 *JglS-r «• n "MiEifeS 

* Sttft-f Sit TJBsfci- * o 

[0 0 7 9] 0 4 3 13 J: tf0 5 2 "9 U, 

Lfc«, n+ajtiwi i « 

n+Sffiiicei ui J: "jr-l"** 3 

[0 0 8 0] LT> P fi**iMfc*l<0£iBfcCVD 
ftf ^liX/N-y *r£lC <t -of* >?Xt->. 3 

h 3 * j: y n +mnm 1 1 i-ss$ 

[0 0 8 1] fcU, 0^JiL&v^ 0 3 1^^0*03 
2«>> *y-fc;miji9£j£flL J|NI6Mfc|B&JAX8. 3> 

>K3B*IgtJtoa*OCMOS*atia*IR^WIi-C; 
**W*TO«&tt.* -ty is * WHS&tt^y £&f£L£ 

[0 0 8 2] i<^«t t lc^%^<75^6HJtO©^-CI±, 
SWSfltH 4 (4a, 4b, 4c, 4d) iY-h Sffi 



(14) 

L £ri f -=> T, 03 1ii«tcr0 32O9>^e'J-(r^h7>v 
[0 0 8 3] W.ffiWmm4<n* J r*il'&1lfi\<vmii. p 

i , mir- b&mm 1 3 axx/mzy- 

KU-oai*. y- h«*3 4J*O f f--*' 
^11.^1^^1113, h>7-;P^lig2 3. ^3 
Mil 5 is J: crK^bHC 1 6 tc «t 

[0 0 8 4] -t;w»iS(±a^<7?CMOSI^IT#^tcm 
[0 0 8 5] 5^1:, ±ieo^ffl^1±^ * 'J k»«ttj« 

[0 0 8 6] *»WO*6W*ifcOJg»t?»±, ^ 

3>^<bSI-C , 1SfiS:L-Cv^*t, Hi KfttWR 1 3 t 

v y 3 >®^fbm, i2y- hiife^m l 4 «: -> y 3 >Sfk 

I. ^3y-M6<*Bgl 5Sr->y3>glfklK-C«^L-C 
40 fcB>>o ro^^kx-lf, ^ 1 y- httfHKl 3 l± P 
S**^«l 4rlft»fkLfc 1 0 nmgSWv'^vS 
ibK-c**i-4o ^2r- hiKlftflll 4 11 J VDSi:± 
•9Jt«Lfe5-l 0 am8t«t«**llAOft'' , 5' , J 
3>afbBS-C«jSi-^.o ^3y-h*6^Ml 5I1CVD 
fti:l iJitflfL^: 1 0 nragS^y'J 
i-iufAvs Jft, «W*«JiJKifiofc»&oSWi 7 0 

1 5 4r->y 3>^fbBS-Cl»^t, «2y-hjgiI14 

* ->y 3>Mfb8ST-«fiS;Lrv^o-c, ^-y^v^i^i: 
so Lrufctxify ^®^£fflv»;ft.i£ <tv» 0 
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(15) 



[0 0 8 7] (*7 0Hifi©®SR) friz, *&&<D&7 

&%^m s&i±> * y t ssiiK## ^m^m L^imzm 

us 3i±, *%®(Dm7 <Dnm<?>fim\z&z>¥m 
mm&mzmmztitzyFm tm* * y o;< * y -t;M» 
m.£7F-tmwm. is 4«, *»9§«>*7«>*ifiojgsi 

■;-t;i/«l^«:^i-Bf®s-e*4o 195 3WF**tt>* io 
y i 0 5 4 <0W5&'I4^ ? 'J 1 1±» Wl— f-y7±KSf*S 
a^^O-T^^o El 5 3 K^-f/F*ff£'f4> ^ey tcour 

[0 0 8 8] 12 5 4ic^-f *7\Z^ Z\0)%7 <D^M<DB 
1 !RC«4a[«ttj«*'JO>*V-feA'ttnaM0S h7> 

-t^WaSTJl, pflfi#l«loiIiC V >** 
«JKR2 3 S:frLtlfSfi4 esPBCSflft. H# 
*«S4 e±»c»i»4y-Hft«R2 4 20 

•y-'f K^*-^^^— 9-9 0T«Opfi**fl:at«l O 

j£S:110t, Ccon-Sffiticgl 0*>tt«Kffi«1-* 
*5F*fi**ao n +Sffif!cS 1 1 **!S:tt f>ft*o *»- h 

m 1 2tf*&tfhfiz> 0 

[0 0 8 9] *»WO*7 03t*03B3B»=«4»«ttj« 
f£*M^&J£<0 n -MfoWim 1 0 t n + 

wmmi l-ewjfiwfcLDDflijtt^ruTv^o *l 

•C, y- h 4&WK«« h > * ^««R 2 3 ±5 J: ET* 4 

4 e**E«$fL*„ -<D&if1£«Ji4 e 

U I^fff«i4 e Kfili*SfLfc*-?W**»cJ:o 

"l-KWJ&S**. m^^«S4 eliCVDSCii 

#tt*»4 4fc, -> y 3 > 

H, #^ B a B ->'J 3>M-C-«fi£1-ixlf^ffitcSliiirg^o 

5 f, |4y- h*g*tl! 2 4 £ -> 'J 3 >Bfffcft ( s i 

( s i 3 n 4 m Tflusi-ixif , -> >j 3 >m-fknm«)i 

*«5 nm05' l i3 5'ifllO*|ilttl 0 nragSi so 



<OT% il«h>7-;i/ (DT) aAiSfjgSti&^o Lfc 

[0 0 9 0] 7 OftifiOJBSUfc *»mt.* 

OltE|6]±OiS<lT-n -fflttftW 1 0 fcttlt, LDD« 
jt*fl*jaLTv».&j4* % ->>$OP Kl"f V/frY 

[0 0 9 1] #«9I©*7 0SI;tt©3§HKK«4**H£* 
2 3 *rE«LTV»4 0 h>*^tftWR2 3 lift* h >*• 

y > m&*mm£%-tznme>i' y 3 >»ftK-c»j« 

^ 7?RAMCS*jni. 1 0 0 n s J^T 

12 3 Sr v V 3 >HMtK-tM1MJ L -E-wmi??i 3 

ffcK-C*J«-rfLtf » > 'J 3 >BfefbjR»*Ri¥4< 1 . 5 n 
m«K©##K»v> h >*;HftJt§S2 3 J$gLtIS 

[0 0 9 2] £P>K, *»W«5jt7 0|81SOJgSlK«4 

If, IfWMOS h 9 LTl&f^S-**Ct 

[0 0 9 3] ^tc, *»HO*7 0Hjfc03&«tK«*3F 
**tt^ * 'J ii J: tf»«tt->« * 'J Op« * «J * ^wKjS*" 
fetI5 5Jbmm6 2*3^^06 3 75SS7 0 ^rfflv^r 
Si^1-* 0 0 5 5 75S0 6 2 l±, *»WO»7 0|tifc«> 

6 3^M0 7 oti, *&w<om vnmomm^&m 
§m* * y oss^S: * ^-r if® m-e* * „ 
[0094] 0 5 siJ.tiy-'Eie 3 cftii ic, p 

1 ^!SC«W*«IB*W/hS v» -> y 3 
fk^^it«L, 10nmfi«O»iy-H8ilWl3t 

lifctxtfj VDSTff 1, f ir- hiffi^flil 

f*. CVD&\Z£*) vy 3>KftK**«L, 5-10 

nmS$Ot2y- FMIl 4 5Mtio ^>TJ 

«L, 1 0 nmaKO*3r-Mft«Rl 5*JgJ«!i- 

[0 0 9 5] 0 5 6*5^^06 4 IC^-fJ: ^ lc, 

pI*iM«i^Ii:LPCVDSCJ: »j nlitii 
P S!^>t» SrK--7*L^50~250n mfIJg<?5^ B B B 

&yt&mi3zv ! *vr>r&ffi\z£ tj/^- 

■ti>m^<0 p 1 «SI<Oi 1 r- h«l»K 
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*6*iRl 3, §2^- h*6l£Rl 4iJJ:U f ^3y- h« 
ill 5l±1-^-CI£*$*u p a^*#£« 1 &i54<8 

[0 0 9 6] ^U, 0 5 7 tc^-t J: -9 ^fflfrtt.** 

j£-r* 0 z.<DW$fwmmmi$.<r>fzib<nmmi 7»±, ri 
y- h mm 1 3 & i vm 3 y- i- *ei§R 1 sj:H» 

rmzm^r%2 y- hiimmi ♦roiSiaRfto 

3tifioj&S8-e«i, iiy-f gfbR 1 3 is «t rr* 3 y- 
h&^Ri 5*->v 3>gfbR-c«j£u s&2r-h& 
*»r 1 4 i -> 3 vKfkR-cflua lx^zwxu x ? f- 

tz. nffimmm&w-f&ntzxxD&fBii ?u, 

i^o 06 5 IC^-T J: o U, »SH£>*UJ&£ 

-So 

[0 0 9 7] 1215 8 i3 <t C^IU 6 6 \Z7fiir J: 7 U, 

2 3 imm-rzo f>**h«2 3j&sft» pa** 

MffiltlCLP C VDSi:J: »)m#S«f6^Wigiv» 

u«»a*#i*o f lt, in 5 gn^i-i^iw, ^«s§ 
r 1 Eizxzmij&^yTyyz'if^K m$i'g&i&i3(o 

5Hv»5/'j3>flftill 8T**S*lfc»Mf**«4 (4 
a, 4 b) *J&8rt-4. -tOR, BB6 7 0»«tt^*'; 

^jffifpfcii, 7* h h-cs^nrist), ->'J3> 

SfbRl 8 (ix -y^y^Siifc^o 
[0 0 9 8] v'J 3>SSffcRl 8«X7f>^7S. 

tt«yn«a««)*4y- hf&**R2 4»±i^*s^ 

h u h -egv\ n 5 9 co^jf ^114^ * 'J Wt&mmz 
mnzi\tz%AY- \-®.mwk2 4 ^x 7 f^m:t 

xftt>ti2> 0 

[0 0 9 9] >k\z. 0 6 Stc^i-J:^^, pl#fM 
Sl^BKLPCVDfiCJ: •) nlifclipl^fti 
K-yit5 0-2 5 0 nmaSW^ttfiS/'J =>R* 



(16) 

3 a £ffM1-*o ^'ty- l-mg3 a $-x^^>^-7 

f£i&<0 p a*®^»« 1 <0*ffiO h > * AsttlftR 2 3 , 
ttflSSRR 4 e ii £ CT» 4 y- h «tiR 2 4 £ g Sg-g- 
fi\Z K^'fxyfy/tJ, ^»«frtt^*'J3g* 
R«ni. 0 6 0K*-f .MU, V 3 

Vcifc*L-ri&v»U r- hSS3»c-g-^^rT/f^- 
x>^L. Srtiy- FtitiBltlT tA^. 
[0 10 0] ^t-, 0 6 lis .1:^0 6 9 tc^-t-i 7 
>o P a#*#*« 1 1 6 fcl&ffi Lfc«, ffi^F 

«S»iftKO n -affiifcS 1 0 tffM-f'&o n -a&ffc/f 
. 1 0l±-f^>iiA^{Cj: h^S3 4r-7^^ t L 

[0101] 0 6. 2 & <fc 0 7 o i o iz 
Y- hEM3c0fflMU*^ K"> +*A'X'<— 9-9 

Ltzik. *^tt»aijK«? n +aatJ:s i i4Mn„ 

•n+a£ifcB 1 1 li-ft^MiCi •) y- MS3 
20 tt»*i£AU J: c tftX Lfc^H* 

* iSttiki- z>zt -cBi&t h o 
[0 10 21 P S*ififil^ffii:CVDS 
i^:(±^- , '?f ^Si:J;-5T^>^f>, 3/< 

*«1 Sr^TSIi^H^f-CStftiai-^CfctcJ: () y- h 
SM3 J3 J: 1/ n +fflttl*ll 1 1 *ti*m<o&m\zinM& 

K-eis^$^s*me 1 2 zj&j&?Zo & 

£.&«fclfc*-*-*Ltf, 0 5 3lc^L^^WI&14>^Uis 
[0 10 3] HgliL'iv^, 05 3^^^5 4(7. 

>j -t^nsis^jam, m ra«eM^jsxg, 3 > *■ ? h 

«Ig*oa*<0CMOSKfiI8*MUfali-C, *»» 

[0104] 2(s:%^co^ 7 (onmmmx'it, m 1 y- 

h«Wl3t'/')3^flJI, *2.r-MM«l 4 
40 * v >J 3 >^fkH, 3 y- h IBJKR 1 5 * v 'J 3 >g 
ftRTfll«Lrv»4^ ^iy-b*g#Rl 3Srv';3 
>^fcR, H 2 y- h ^#R 1 4 i v 'J 3 > gffcR, R 

3 y- h tmm 1 5 5r -> 'J 3 >a£fbR-e«fiS: L-cti 

v> 0 iO*-frfctxlf, Riy-hjf£#Rl 3 tipS* 
1 Sr^fb L 7t 1 0 n mggco > V 3 >gtfbR 
T**1-*o R2y- 4(±J VDtelci OJt 

«Lfc5- 1 0 nmgJS^m^SHiig^'Of&v^v 1 ; 3> 
RfbRTflMt-f*- R3 y- MfittRl 5 f±CVDj*lc 
«t •) Jt« U:l On mlio v U 3 v^fbRT-tSfS-f it 
so tfAv. ifc, IffSftil^tio^Wl 7©B« 
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i±, mir-h mm 1 3 & x vm 3 y- y mmm 1 5 

£ -> >j 3 >^fkHT-«^ U %2Y-h 14*-> 
[0105] ^S^Offl 6 J3 <fc tr* 7 OHifiWjgSe-C 

i±. ^fm^te.**') axvm&n.** ';<o^';-b;ni 

^L^54 f , R?ti»l:S<7)paM0 S h7>->'^^<75^^ 

uii, ±E*>&9iK*iv»T, ill:. *«^i£tic^<7)ifm 
*>%m<r>T&i&\z^xumirb 0 ±jE©f* 1 nm.m 7 <r> 

T, S^&A^£fa±S^4§**jJ J £fii£;h.-Cv>4 
(S.Ogura, 1998IEDM,p987, *I#Sfff 5 7 8 0 3 
4 1f), L^L&* J £>, C<£>4i*T-li, 7D-r^> 

■e, ^&A2&^£[6]±$-fr4c tjJ*-e#4&<7>T-£> 

4„ 

[0 10 7] El 7 Hi, *»EO*8tf>HJfcOJ®KK* 

til). COH8<?3|tiSWff^li, .tf^'J-fc./KOf-ir* 

4^ : H£A3c!M£co|6]±£EI* tco-C^^o B7 1i:St 

j£$;ft.4o fit, zo>m8 0>jab0>MWHz&&jne*) 
•fcjKo*s-ei±, P s^##*isi ©«sk £ i y- h 

IfiSIl 3 4:^LTt2r- M6JRR 1 4^tt*btv 

4 0 miY- vmmi 4opwcu«ff*wi4 a, 

4 b*'M?H4, S£2 7*- h*6*§flgl 4 43J:U f Sffi« 
%!4a, 4 b±Uli&3r- h&JHRl 5%-frLXY 
- hK«3*«K»t^fL-5o r- hm@3 0«(C(iS?fk 
HI 6 ifrLT-n K* + 9-9**R»t&*U 

K>> t - ^x^-* 9 ©Tffli© p ItiftiS 

t!cS lot, :on-MI l oottwuttflr*-** 

*3i»J:a f n + ffli£fUll 1 **iWO*ffiKliiti 
1 2* { 15:Jt<b*%4o 

[0 10 8] $e>K, *&W<?)&8V>MM<0]&mz&Z 
*»#&te-¥**M ^vo^t'j-t ;H»jlr- ti , + * 



(17) 

[0 10 9] *»W<0*8O£jS©jgS»c«**«»13: 
-=e 'J <zm * -b;ni, v-^««ij «t if k u-r 
>««*ft**Mfc^«>n-fii£tfc*l 0 
ftOn+fflffifWl l-CSjSL/cLDDSifS-WLTV^ 

fit, r-h«iiA ! iiy-h^iii3 (t 
e) , *2y-ne»iti4 if mm) axvmsY- 

i2r- MfiittRl 4<OM^ffl5tctiSWS«e4 aiJJ: 

io x/4 btfjfmztiZo z(D2-o(omm^mmi amis 

4bi:tftf«U -e<OS*4t.@li (1) WS«B 
4 a, 4 b4>V'-J-*LtCT*SttLTv>&V'#SL 

(2) SW*«84 aWAi'Sf tI(ILtk>ft«a. 

(3) t***l4 bOAitfttHLT^i*!, 

(4) lffa§4a, 4b*Ctf^f«L-CV'4tt 
O4oo«fflti0ff4. I^2ootfl«f4 

aiJ iCM b l=fttt$*l&V?-0:ffftEC i oT£ £4 L . 
# v»«EOjEft**E*fll*0 " 0 0 \ " 0 1 ", 
"10", "1 1"K*MS**4. ifc, C(73>*«;-fc^ 
20 MtlilfS«f4a, 4 bli?-***flMjMO± 

tt* tj , tttffffM 

4 a, 4 bO**-©*«#JB!Ktt#L«:V' 0 Lfcri'o 
T, 5fS»i4a > 4 bO^oa^fitziiiaW* 
(over-erase) liRrltSft, -g-fUCfc I) igM^KiSEf 

#flcj«*y tStS-C**. m^S««4 ai5J:O f 4 bli 
so CVDffiKJ:*«1lff*fltl6*0*v»^V 

» t « v W« j#»tt * » * C t Ji f T g * jS* <b -e * 4 o 4 

Siif-C#4o $P>»c, Sir- FftKMl 3, %3 Y- 
h&mm 1 5 * v 'J 3 >^fbM ( S i 0 2 R) 2 «S 
«0»«***-*-4 5"j3>aftK (S i 3N4I) V 
mOL-ttHS. -><J 3 >^km^#HI?^4 nm~ 1 1 n 

40 4. fciilf'/'ja 5 n m<D's ') 3 

>afbSS^IISm/P(i 1 0 nmlKiOf, E«h>* 
^ (DT) ttAfcUMSSiiftv^ Lt^ot, t^Oii 

4 Q 

[0110] ^W<o|^8oili&<o^s^-s^is%i4 

*'J<o^*'J -t;PT*li, V - *flU*g ± t>* K U 
4 >m®.<7>ffiI±fo±<Ogff]X'n-WtlLfcm 1 0*tt»t, 
LDD»ji*fli*u-cv»4*«, ->>r;u KU-f>fllS, 

•so Ku-f >f»igT- V - 7, ffll^ii i[KKU^> ffll*^ 
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iSLTU^o ft 2 y- v &mm 1 4 4 

a-4 bfHO'J-^tKfrih-f 4^, fcfcxJfy >; 
1 4 Kit5ffS^*W1-4£J5®Kb8g*fflv>ixi4\ 

LTI±JtfcxtfT i02. T a 2 0 5, Al 2 0s> P 
ZT, SBT* { *5. 

[0 111] #»H«>»8oi61fi*>jeS!-Cli, V-* 
ffll, KU-T >WWpf*K» &M2 6 t&tf-fcA*, 

ffif§;-f4> -t'j-c-14, -3fr<D*&tu4*+53--c-&4o 

[0 112] *»WO»8wgH«OTJBSHc«4>P 

jiis-tt^yof&ffcKonTig? 2 #4 0*1117 3 

4^*f§&-|±;< j e , J<Ogfffi0"C&4 o @72C/Ttio 
K, ^■t'J-b^O#§a*^UI±, y-FGC6-8V 

-*s*»»-r*o iroi -5 ksee tenia l, 

J&VF- (CHE) TW^* KU* >«*1H4>**MMMI 
4 bUi£A-t-^o f- + *A"fll*2 5tCg^2 6 fcttttfc 
CiT, m^OtfeSL^fS]^mWS»§ 4 b K&BL-CV 

El 4 -ri V-^^fflOWSW5«Jg4 aKS 
?taAt4l§^i:ii, Ki"f>D, v-* S *ti-?ti 

Gic^m/i ( — 5V) tenia u, 7 r 7 7 - • y ^ k 

/v-fA (FN) fib>*/Mt»4rf9/HL , r*W*flMM 
a, 4 b*&VF-*:5l&tfc< dkt?fft>tv4o ifc, r 

14, •eti.i5«^^^e';-fc;u^i?>|H|B#um ; FS:5l#a< c: b 
4«T|4, 7-XS, KUODIipjatt 

*S**a«ti: (Floating) i:1-*Uf, KU-f>D«W 

<^i:iiV-^S KIEWE* EPtll L> K H > D * » 

[0 113] ifcHjFliLfcv***, >^'j-t;wcoSt*ai 
LI4, V-*S b KU-f >D<0H*S£*v4&*Uil,S8i£ 
5:1^*a-r-&- i:TfT*>ft.4. SWg«Jf 4 a , 4bOS 

ffltStOT^^o V-*S, KU-f >V(T>b'%h\Z/< 
jS^-f*U*4 v» 0 mWSff§4 a£4(>*4 b CO 4 o<of 



(18) 

[0 114] *%SWft8<50Hia«OJF^U{g4^F 
Jffgte^'JO^'J -fc;K7?Sgji^SSrEl 7 4 7iS@8 
2 tfflv>T|S£>E-f 4 0 S-TB17 4 H^i-J: o 
^««2 S^JJMS^ffiigtS? 7 + h Uv* 
->27t, pS?#^#gt£l±KffM-f4„ -E-UT, 
|7 5CftJ:ii:> ^ixIfR I EftU ±ot, pi 

1"4 C 

io [0 1 1 5] (27 6 Ktk1-4 7 pS-¥-g#S 

u i o nmmm<r>miY- hmmmi 3ZM!$.i-z>o 

JVDSfffOo ^iy-Hfitll3Mfl CVD 
j£t-4 t) ->'j3>BtffcR***L, 5-10nmgf^ 
12^- Mill 4 Sr3^fifci-4o i^TJ VDftK 
•)*flf*«i6*0/|NSv»->«J 3>aftR*it*L, 10 
nm«i£<0ft3 r- h&MkRl 5 *JBflE1-*, 
[0 116] JfcK, 0 7 7 K^-f 4 ■? K, plf«#:l 
20 fcl£Wl-LPCVD&KZ > ) nMitzapM^ffltoi 
K-^Lfc5 0-2 5 0 nmiS<OWa->^>SSr 
Jt« L fcSfe, 4 O*^ » f - > U 4 •) >< 9 

-~>YL. Y-tnm3i:J&J&-tZa g!v»T, r- h 
m@3 *T^?t LTV-^aitiiJ:^ Kl"f >ffi£i 

fist P i o^icoi i y- hjg 
«ii3, &2Y- vmmmi 4invm3Y-h!&m 

[0117] 07 8 ic^-r«t ^ 

lfton:*Offi|HIl 7*J£*1-*o -^SWl 7«±, ftl 
30 r- hBMbRl 3*3«tl/ft3 y- M&IUK1 5 J: >9 feft 
2 Y- MgftKl 4WyfvriI)!^IV'xyfr 

**o?B«R-ei±, ft i y- b mm 1 3 a x vm 3 y- 

HKMMl 5«rJ"J3>«fl«-e««t» ft2r-h*S 

itm 4 3 >siikK-c«au-cv»«o-c, i-y^ 
^, mws«a^*^^*^^w 1 7ii, ^vT>Ym 

4 v> 0 

[01 18] 079 ic^-r 4 o U, p 
«'l £BU L P C VDSi: 4 >) WWSfltffi^J^S^V 'J 
3>M^bmi 8 **flf»«*3e*«)fc*«>SMl 7* { 3t 
^lca*iiS^4 4 -9 t:it«1-*o -e-LT, 08OIC^ 
-T4TIC, P lWI«ltIi:JtLTRIEi:J:l» 

Sfbm-C-ffi^$ti.^mW^«S 4 a ±$4 CM b iMl&ir 
4o 

so [0 119]*i:, H8 1CSti^K. pm¥mit& 
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« 1 gffiCBfklK 1 6 tMl&Ltz&. n 

-ssteSte i otrnmi-Zo n-Mmnm 1 oii^*> 

[0 12 0] 0 8 2(C^1-«t-7H. y- hSS 3 

n +affi»» 1 1 n +SffigScS 

i i (i^*>ffiAa*»cj: *>y- hmm.3 textr-vi k 

[0 12 1]*C, p KO^iBKCVDffi 
£« 1 «r^fiHt*HA*-C«ift3ai-* £ 1 K «t •) r- h 

mm 3 g ± v n +sffitice 1 1 *ti*tuz>msiziim& 

**5"J-9-<f K"C«j«$fL4illMl 2«fi, # 
SSI 2®*«, ±K£Wo«*»z»ofc*RiSofcR 

[0122] m^j±u*v>*«, 171^^*';* 

*<oa#OCMOS«itia*:JII*8T % «»W4:*» 

[0 12 3] dO«fc-9lc, *»HO*83llifc©JBfflt? 
I±. mWSWS 4 a £ J: 4 b £ y- 3 <??WSSO 

[0 12 4] Sfc, mW^»S4 a ££0*4 bOft^ 

**sitio«iijiiy- hMii 3 ij i vm 3 y- h 
f&ttm 1 5 1 m 2 y- Yt&mm noi7f> yauts 
4$ j: zr*. y > mmnfflB izx-o xm-s> izwm ? § 

h a ZttizXL fiM!4 a* JIM b*ttffct=E 
-5-LT, 1#««S4 a t 4 b«±^2 y- h 
*S^BS1 4 K± -3 -t^fl«jK£4Hc5MJiStl* £ 
1 4 a t 1 4 b|BjO«ZflUBHi6£ fcftv\, £ 

>^i&, y- h**3*J:irf-ir*A'«**»<bli»ltf> 
IfiltlK 1 3 *3 £0^3 (Oifgi^BI 1 5 s mm 16CJ:o 
X^\z&®LZtiZ>W, *WffJ*»ttO«ftfc3F»« 
te^MMM-fJ £tt&-C£* 0 Sffig««4 afc«fcl/4 

bay- h*ffi3os«a»<b* + *;uffl*^faKi£aEL 

T?FM£*U mWSWl4 aisj:i>*4 bco^ *>«3?- + * 



(19) 

[0125] £<bu, -t^*jti±a#ocMosia-c 

[0126] -eiT, *%m<o%8 <vntfc<ommvtt, 
ioti!). ##ii**aEoKafk, breams 

[0127] (m9ff)mmmm) *»=,'*«wo»9 
sau, ±E<^^8o^js<7>f^uij^T. 07 i«om 

If«i4 a tS#S«®4 b|«UE«Sftfc!i!t2 0*ft 
JtftKl 4 ^^FSi: L. '2cwSi?ff|»f 4 aiJJ:^ b 

20 mm 4 a, 4 b, £ «t0 f ^2O$£#IIl 4 (C}^x.T, « 
it^«S4 f E«LfcfcO-C**o 
[0 12 8] *35WO»9W|lifeO^!B»c«*^ 

4 r0 8 4 tc^-f X -9 tc, f- -v *^W*S 2 5 7J*BfiS: $ ti 
Z>mi&i:W.7 y * h U-v* h'<9-> 2 7 
flc*«l±»cJB«-*-4o tU, 0 8 5 iZTjkirX -5 
fefcxJfR I Efti:iot, pS!#-^*>tRl tx?f 
^tJCt^ g^2 6 
30 [0 1 2 9] 0 8 6lc^i-«tTtc, pM^&ft-m 

« i ^WK««f»«ffi»o/hs v»v 3 >^fkm«:*t« 

1 0 nmSSOil y- H61I1 3 *Mt4 0 

*flr*«iBa<0* » ^ -> a > afk«ojfi«i±fc t x. if 
j VDSrefTdo *i r- m&nuki 3?gj«», lpc 
VDfti=J:»)*w**ieAo*v^>';3>afkili 8 4- 

5-1 OnraSSMti, ScV^T J V Dffilc J: t)jgft 
»«tt*0/hSv^'j3>afkK**«L» 1 0 nmg 

[0130] ^tC, 08 7 KSrf «t ^ IC, p 
40 ^l^BlcLPCVDjitcJ: •) nli/cli p M^*fi^* 
K-^Lfc5 0- 2 5 0 nmSJK<^#-$S B B B v-'J 3>flg£ 

Mm 3 t LXV-zmi&i3XV t \fV"< >m^i 

f at***© p fl**#»E 1 ©JEIO* 1 y- h« 
iI13, v U 3 vSffcgl l 8 J: V?m 3 Y- Y WMk 
l 5 *SBfiE*W»c K^-fxyf^nSo m 

[0131] *C, H8 8»:*tJ:iC, p»«*l 

so « i £w izmim 1 6 iMfS. l tz&. fi5F*e«j«ao n 
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-IMi 1 0 iMtio n-Iittil om*> 

[0 13 2] 12 8 9 7 \Z y r-ng3 

&%0&&<7> n + 1 1 iBfo-tZo n-+Sj£l!ti 

1 1 li-f t>SXSfi:J: Or- h**3*J:CP»M K 

hztX'Bfolrho 

I0 13 3]*C, pIt«ft«fil^Ii:CVDS 

&tt 1 *^iStt#BjK«f -eidmi-si t K X *) Y- Y 
!£&3:fcJ:a f n+i2i0;ffc8 l l *ti-?ti<7>m.Wlz&M* 
ilvn-f KT«Mt 3 l 2 *JB*i-*. * 

*£J5£l£*-f til*, 19 8 3K*Lfc** l J-fc;MB.acjJ« 

[0 13 4] 'tis, 0^»£L&v>;6*, 0 8 3 0^*'H 

*oa*ocMos»axa*«*iiiT, a&iftfc^if 

[0 13 5] (ftl OOgjfcOJgff) *#£fEog 
1 0O**«ilft:ov»TRWt4, 0 9 0I±, 

iz&miwufz *><r>X&h 0 -g-LT, :^10©II 

[0 13 6] 0 9 0C/Tt J:^ K, i<0> •=& 'J -fc;H± p 
#*«1 9 0lli:fir- M&NtKl 3 &-frLX&2 

y- vmm \ 4*»i8:»te)fi*o »2r- 4 

OP5SSKI±mWg*»a4 a, 4 b**Jgjat3*i4o 12^ 
- hMMtKl 4 4iJ:a f *W»««4 a, 4b±ici±g3 
y- h*g|fRl 5 £tf-LTy- FtfiaWttfti, 

y- vwm3 (Dmrnizummi 6 t^L-c^w k* * 

■tf 9 <7)TSB<D n £! 1 9 Ui±, + **8U«K: 

@-r^f&^*E%^«op-as2:t!cS2 o ;o P -i 



(20) 

€ 2 l6c|B:ltfe*L*. y- h*S3iiJ:trp+3Sa«:tt« 

2 1 zti?ti<Dmm\zi±mwm.i 2* ? s»tf>n^ 0 

[0 13 7] ^SfiOffll 0 OHJfcOJBttKft 

4 t^BI"* U:^t, ##&.kB#K;fc 
»t * Vf- Oft A«*i f fo±f * o 
[0 13 8] 0O3Ufi«5jBS 

* >«*tfi^«»iSo p -SffiUtl 2 o t £*££!fe 
Bft«>p+SttlM2 1 -CftjftLfcLDDfllii** LT 
v»4. f U, y- MSWR^ik 1 y- Fffiill 3 

(TS) , ^2y-h$6ISMl4 (+MS) is J: IT* 3 
y-H6HWl5 (±S) A»^ar*3»«M-C*** 
ft, »2y-h«l 4<7)M«SB^t±S ; i^¥fSS4 
j3.tr/ 4 bji^ritSftio lW2o«o^i5Sii4ai3 
i^4bi:lKSf U *o*«ttS8»i (l) 
|§4a, 4 b<OV»-f fit LTV* 4 v»;RS8, 

20 (2) Sffi#«B4 aW^lfiftLt^l)^, 

(3) «^StS4 bO^^T-iSSfL-Cv^^®, 

(4) ^S«l4a, 4b$Hzn.l-ZWmLX^i>Vi 

a js.tr/ 4 bKff#3*tjfcreo*Mt::J:oT£i:*L 

# v»«m«5jEib**E*fll««» "00", "01", 
"10", "l i"tc*tJS$-**o ^o^^';-t;w 

MikX'iim$iWftl§ 4 a , 4 btt*- + **«J*iB»o± 

so 4 a, 4 h<D^<r>^m#.WAZ&ML%^o Ltztf? 
T, ttffftHMH a, 4 bO*^-Wji^JEUJ:5jifH* 
(over-erase) tiE55lk?ft, -€"ixlC X ■) iatS*tC®&, 

*i±y- h*flEo*-e«iw-cs, S€ffitt^^«iH±- i l i - 

igfrpt^'J *HST§4o SWS«^4 aisJ:r/4 bl± 
C V DttC J: 6Mf 'J 3>Sftm-Cl8 

*ja-cs*o &"5>^, nny-KftiiBti 3, ^3y- 

MfiWRl 5«ry'J 3>»fkK (S i 0 2 K) ^2^g 
KOSIS^4-^-f 4 v'J 3>EfkK (Si 3N4I) f 
m Jfc-ffLCr, v 'J 3 >ttflOIIMIU9:4 ( 4 n m- l l n 

>^bMW|tKpJ¥l± 1 0 n meSEfcW-C, ilS h > * 
;l/ (DT) ^XtSlfeSttiv^o L^t4 { o-C, t^^a 
50 JUfimibfWFOWEJififcffiffcSfu >*'J-fc;uoaffl 



& 692001 -1 56 J 88 (P2001 -1 561 88A) 



(21) 



[0 13 9] *%®<D%1 OOftffcOJ&ffiUfci^H* 

u-f >a*«5BEiai±oBtt-Cp-iIl£tkS2 0 £18: 
It, LDD*al*aiJSL-C^**», KU* >* 

it, *"7* ^»arv-7f*fiJ:o' KH >® 

m 4 a - 4 b m<0 ') - 9 *Vi!fctZ>i) K . tz t xtf > 'J n 

mt LTiitzt x.l£T i 0 2 , Ta. 2 0 5 , Al 
2O5, PZT, SBmio 
[0 14 0] *»W«3*l-0O3tiSOJBS8"C»i, 

; in, Ku-f >nt>wsKL % w&i 6 *K»t^* f , t**.^ 

[0 14 11 1 O0>Htt0>J$BK«4 

• ^»*MS-J« *';oiWtK:ov»TH 9 1&£1/BI9 2 S-ffl 20 

5Ht^*'J<OKiBia-C*4. 09 214, »*ttft*»EH 

-r*^}fi&i4^*';^efffiiiT-*4 0 09 lcstii 

bKttA"**. *- + */U«*2 6£38:»tfc.r 

H«;k#tf8i. y-xWWiol*t«l4ii:l 
**&Ai-4»&K»±, Ki"f>D, v-as-tit-Wi 
K6pftli-*«E*±IBO»'fr4:Xfi*iHitfj!tv»o - 

>*'J-fc;K0M*(4, 0 9 2 J: n K, r- h 
GK£«E ( 5V) frSJJoU 7r">?--;*K 

A (FN) S h>*.JU*at*fUfflU-C«W*««4 
a, 4 b*»e»* ; f-4:5l*Ut< Cfc-Cfffo^So V 

#t?J4, -co*^, V-*S, KV^VDIinS^i 
fMMEi 9 fcnmt J: v» 0 plfiftt 

-^S«ri?Itft (Floating) t1"ittf, KU-f >Dfl) 

ab4 0 v-^SMO«IT*«J|4 b«)**MHF-*3l* 

**«ttfci-iHf 2v\, 
[0 14 2] £ fc0^»4 Lfc^A*, «'J-t*OR*Hi so 



£^&1"4C:tT-fi : ;b;h.4 0 Sffi««Jf 4 a, 4 b OS 

SiRi-nifJ:v> 0 SiSfS««4 a £ J: IT 4 b«4o^)| 
»#S»cJ:oT4oo#*4 4*iftig£4ftfcjW§<b*U * 
ftCi <0 1 o<7?-t;UT-2 fc'y h^«75lfii^fSigT-#4o 

[0143] ^cu, *$&9i«>*i o<Dmm<oMm^&z> 
i o i zm^xmm-t 4„ sti9 3 c/Ttj: ? k, 

4 0 fLT, I9 4i:/Tt4 ; 5i:, £fc x(4*R I E&tc 

Si2 6 zwmtZo 
[0 144] *C Eigscftiii:, nl#|#i 

& 1 9 $ v>-> «; 3 >%.itm*m 

fcU 1 0 nmUftOfill r- M&ttfltl 3 tJgjfti- 

£J4*J VDfeT-fTTo iiy-FMl 3Mt; C 
VDffifcJ:«> v'J 3>BMfcil***U 5-10nmS 
ftO»2r- FftftRl 4 ^v^t J VDffi 

k i i) ^w#«t tts $ v> v 3 > m.itm *mm i > 

1 0 nmgt«g3y- bikini 5*JB«i"*o 
[0 14 5]*U. H9 6UwtJ:^i:. na-N^jg#* 
Si 9£ffiKLPCVDffiKJ: •) niSfclipITOft 
«rK-^Lfc5 0-2 5 0 nmgSO^y'J 3>I 

^-->^t, y-h^S3Sr^*T4 0 ^cV^T, y- 

^ISlct^il^nl^Sfil 9<OfBO»iy- 
M&ltRi3. » 2 y- HftHW l 4 iiJ: tr* 3 y- h 
MNUR1 5*aS**Wf=K9-fiyf->yi-*. 

[0146] ^ic, 097 ic^-r <t d ic, mffiwmmm 

jKO^*OffiWl 7«rB^-f-4o :^W1 7 14, Sg 1 
y- h^fbKl 3i5«t?>*^3y- Hffe^mi 5 J: *) i>fH 
2Y- himmi 4 0iyf>/aH)W:iv'x y f> 
miv>tl2y- V^BIl 4 0»«*:a4RWK"7 
i-y h j. ^ y y-t h -c^fiS;i-4o *&W<omi o. 

o«ifto»sB-cj±» ffi y- vmmi 3 fci^3y 

mm I 4 ^r->>) 3>ttftBtT**LTv»*0-C, x -y 
fc, afffSI^fc^O^K 1 7 14, i-y-^V^jfc 

<fcv> 0 

.[0 14 7]*:, B9 8i:^tioi:> nI^«#S 
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(22) 



Kl 9£EKLPCVDi£UJ: 9 WMHMKjOJfiS^y 
|J u >mm 1 8 **flf*«*J&fc«fc*!>0>an I 7 # 
S5£l=«Ai&*Jt4 J: o CJtft1"«. *UT, 0 9 9 K 
^-fi-jK, n 9£cBKi* LTR I EK • 

3 >gftmT-«fiit $ 4ai'J:C)'*4b^I 
j£1"4o 

[0 14 8] <fcU:, HI 0 0 (C^-fJ: d nS^3l# 
Cp -SffiifcJi 2 0 iJBJSi- 4o p -ffltttt* 2 0 l±W 

[0 14 9] HI 1 0 1 UtfI-J: -5 K, y- MIS 

3F»*»«Wp 2 1 p + Si£©c 

12 1 \H*>&\tiL®K£*)Y- h m« 3 £ 
K?*-;v;*.^-->7-9£-7X?t Ltpl^ttlltiiA 

[0 15 0] *C, nl^#i«l 9 0£iH£CVD 

9 *^ffitt*Haif -cttfea-t*- t k<* 

- hm^3iJ < tO*p + M&tfc^2 1 •5-n-e , ti.<0*ffiH^ 
BjUlftly'Jt^ K-c*j£S;h.4igE«JI l 2 fcj&a-i- 

0 9 OlCTFLfc^ y-t;u 

[o i 5 i] fcfc, a*»iu*v»i«, n90o*-*«j-fc 
Mil, StitigAXS, 'y^-'i -> 3 >MSIS 

*oa*wcMos«isia*«*»-c, 

[0 15 2] :WiiC, :£S£f£<Of&l 0 HJfcOJ&JRT 
«i, Vft¥8tJ|4 aJsitM b Srr- YW&S<DU?&<0 

*4 Q **IKJ:9, *«*«>JR«Ht*»** 

t Jf<T {JU^it $ *U *«K»/h $ *Lfc*#$lte¥* 

[0153] * fc, ttffi*«* 4 a £ «fc CC 4 b <D* * * 
/HfcfrflOWi* 1 r- h f&ltR 1 3 ±3 <£ CFfg 3 Y- Y 

fs&mm, 1 5 t m 2 **- r an uoi7f> r&ftg 

4. -5-*UC«t 1}, «ffig*Jf 4 afc-tUM b **M*KE 
g-C#4 0 *LT. Sifg«Jl4 a t 4 blig2y- h 

1 4 a t 1 4 b WOffiS^lie- 4v>„ £ 



e>K, tttfSJftJB 4 a£J:lM bliV-*SIi&, KU-f 

K«M1 3&£Vm3<D&mmi 5, KffcBgl 6CJ:o 
T^tCffe^?tL4(0T-, ttffir«J#!|*14©«rt.fc3F»» 
tt^##>^';«-ffi«-C-§4 0 «ffr*flt« 4 afc-ttM 
b(±r- hm^3«0S§B^f>-? L ^*^®lt*fS]tci£ftL 

14*##>-*';*«tt-CS4.' 

[0 15 4] Sf>c. •fc;M»iiii®1it<DCMOSI*t-e 
S^tcH^-5lt|T-*4<0-C, gEff^Sit? -f > £1£E8 L 
(g 3 ^ h * 'J * SSiS-C* § 4 o 

[0 15 5] -5-L-C, *%^0^1 OOifiOiSf 
Ji, #§ii^B#t7)Si L viA^S:fS]±?-ti-4C t^'-C 

tmizv&mt * 11 4 £ t * j -e # 4 o 
[0156] (*i i<D%m^m) 

20 1 1 o|6ift0^3BKov»TBiWi-4o 1 1 «> 

9 0Olffi§4 a tlff«14 bwtcieesn^ 
*2 0«Wl4t^«i:U 2o«tfI«§4ai3 
J: 4 b *-{*tffc5-frfc*JS*:*R-3Tv»4o 010 2 

>^Uc9>- ; e';-fe;w«3iS:^i-ifB0'C-*>4o 010 2 

**03gSRO*W*»Jl 4a, 4b,fcJ:y f fg2 

mi 4 icm^-c, mw^«Ji4 f Eitfcto-c* 

30 4o 

[0 15 7] ^IC, 2|s:%^«0^1 
^JfHte-X^'JO-X j e , ;-fe^OK^*ffiS:BI 1 0 3 7. 
EI 1 0 8 ftffiv-CRlti, ±M<T>% 1 0 OHJS^^S 
train, *i*BI l 0 3 tc^1-«t -5 ic, f-r^iWf[it2 5 

7i, nl^ifil 9±KJ&£1-4o ^Lt, 0 1 
0 4i:^tt7^ fciiliRIESCi-at, nS4^ 
jg#^«l 9 iiyf>/t4:tt, 8:22 6 *?fM 
1-4 0 

io [0 1 5 8] 01 0 5K7*-f nl#«# 

S«l 9£HKWWHMB*<&'h3<'»5' , J 3>gfkM5r 
JftiRL, 10nmSS<Oiir-Hfiill3 4Mt 

4 0 mw*«is*«>'h*v»i"j 3>aifcK<ojft«i±fct 

PCVDffiKJ: »)*fflr*«ll6*w*v»5/'; 3>aikill 
8*5-1 OnmgSMtio ^cV^T J V D&lc «t •) 

mw^«te*<^^s<' i v , >' 3 >aikR*r*s«L, 1 o n 

rait")S 3 h «IKR 1 5 *JBSfc1-*o 
[0 15 9] il0 6(:^tJ:Ti:> nlffft 

so ^«1 9^:BICL P C VDffiK «t •) nlifcllpIW 
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ft* K-^"L/:5 0 - 2 5 0 n mgft«>££A v U 3 > 
- h *g*SJg 13, •> V 3 >gfb8g 1 8 £ 4 ^ 3 y- h 

■e, tfiii4 urn***.*. 

[0 16 0] 0 10 7 k^-t 4 7 fc, nl*|^ 

&tt 1 9 glfCKftlt 1 6 fcJBift LfcflL te^ttftalJg 

or- hs@3 t lt p s* 

[0 16 1] >k\~. 01 0 8 IZTjk-f 4 n \z, Y- \%M 

3F«»»*0 p +ffll£»« 2 1 fcj&ft-*-*. p+M&Dc 
12 U4>f*>&AJ$fifK4 >) hi:M3iJJ:D r ^'f 
K-> *-;u*^--9-9 *tx^ t LTpI^ftiSA 

[0 16 2] nl^SMfil 9<D^:®tcCVD 

ttifcli*/*? ?St;ict^ >nf^ 3 

1 9 £ *t&te»B*l* Tfttea-*- Z>Z.blz£ *)¥ 
-h»B3iiJ:0'p+Sli£tt*2 1 **i-Fft*>*IiKrt 
»jft**i'y*'f KTMMt**l**«« 1 2 Sr^dtl- 

<0jaEi»jft4EJR*llft*-r<ttf, 0 1 0 2 K^Lfc^V-fc 

[0 16 3] ifliLiv>^, 0 1 0 2C5j<*'J 

S^a#OCM0S»itiet«*iliT, *»»4?F 

[0164] mi 2 (ow/nomm <ki~, *stw<r>m 

1 2 0*JfiOJBJ!Hcov»T|lWt4o 01 0 9<4, 
[0 16 5] $s&$o$fti 2<o%m<r>WM\z%i 

7Fm&a** , x»** i )-b)i'<Dm&i]&*:m 1 1 0 7is 

0 118 *fflv^TSi^1-^o *i*H 1 1 O^^i-J: t 

hU5/X }■'<*-> 2 7 *, nl*tftSSl9±i:l 
Jfi-T^o -t LT, 0 111 tz^-f J: 7 \z, tztz.\SR I 



(23) 

[0 16 6] 01 1 2U^i-«tdC nlfift: 

££ 1 9^®^mffiS»tl*W/h?v»-> »j n 
«t«U 1 0nmSKOSSiy-Hfi«Kl 3*3BJ«i- 

£«±*j vDftT-ff^o iir-F«tii3ffm c 

K 4 ») *W*«ffi*0/h S v v ^ >flffcRfcJft« U 
io 1 0 nmgg<03£3r- h 1 5Srf^-r* 0 S "a 

ni9-£*#S1£l 9£ffiKL PCVDSK4 ») 
4fc«ipffl^«»* K-7L£5 0-5 0 0 nmSJSco 
fftfly'J 3>I2 8 

[0 16 7] *|c, 01 1 3JC7jrt4-5 fc, fb¥B98W 

#, nS^fflEifil giUJMEtil^loy-HW 
Ml 3, !2<oy- hMMtl 4iJ J:lf»3©*'- h*g 

20 tl-?>o 

[0 16 8] ^[:> S1 1 4Cii*-f 
J&ftOfcAOffilfll 7 *Mt4. C1C0SW1 7I±, it 
lr-hBlffcill 3*^^*3 y- MfiMtKl 5iH 

^Mffly>ti2y- h*g^)si 4 softie 
2<D%m<»jmx-\t, mir-vmmi 3*3^^3 

m&m^tzV^v hx-yfv^ScfitHF^^ 
t4v» 0 

[0 1 6 9] #L\Z* 01 1 5tC^i-4^ IC, nS^-agfl: 
*«1 9^BKLPCVDjai»SJ:>}*W**lt*0»v» 
v 'J n >SfbSI 1 8 **W*«*je*Ofc*OSK 1 7 
j& f f££Kaaa4it*J:}C*IM*1-4o •€* LT, 011 
6CffJ:^:, nl^Mtl 9^:ffitc*tLTR I 

-> 3 ^SfkH-em^ $ ftJtmWSS* 4 a *j 4 if 4 b 

[0170] #CK, 0117 tC^-T 4 o (C, n ffl**flt 
*«1 9:£®K&{tJ8U 6 «:©«Lfc«, IS^MttttS 
<?)p-ISftl2 0*?&a-*-4o P~l!ffit!cJi2 0»4Y 
^•>aA*JWtc4 ijr- hB«6 3 «r^r^^i: LTpI^F 

[0171] 0118 tz^-t4 ^ IC, Y- hSM 

so 3 Olli:t-f *-;ux^— 9-9 *JKflSLfc», ft 
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p+aitftJi 2 1 p+a&tfc 

[0 17 2] nS#if#&«l 9 0£BffUCVD 

feifclt*/*;' *j£tc «t oT* >^*-r>, 3 
/<;u rft^O&Ik.S&JRi&£ii«U Ifc^X. nlf9 
#g«E 1 9 £*S14#H5S4'f - t K X <0 Y 

- hmS3^<ty f p + SJ£ffcS2 1 frtUftMomWizHi; 

"J** K-C««$n*^mS 1 2 tJgjSi- 
9111 2Mt, ±KJ3Lfl.o««fcRofc*EJS 
©»Ilj£&**Bi*-r*Ll*» 01 0 9 tC^L^^^V-fe 

[0 17 3] ftfc, H^»iL«rv»i«, 0 1 0 9 ^ 'J 

g*W»ttOCMOSSj6:C««:J0UfaBT, ft^-ftS* 
[0174] ($13 0*Jfc<BJBSR) 

1 2 coHifecoff^T- 1± , > * U -fc /ufiLfte h9>ifX9 
o*aftK#*4+#ftlMt«ift 3ftTv*ft*ofc. - 
itSilCMOS h7>y^*Wigt LT, r- hm 

sty-** Kuf >*£tfe*ra^ofl±<^y v-^SrfM-r 

y ^y- h**»iki- S*tTV»4 (T. Ghani 
et al.. IEDM99, p415) . 3 OXttO&S 

It, ^wfciSfc^flB^^Sfl^^'JKfllflil - *-*: 
-C, > *U «|J6fctfL ft vij!#Ol« 9 

[0 1 7 5] ID1 1 9»i, 3 0linlS 

dCM^'J-tA-linliMOS F7>'/X> 

«i*>*iHu*i y- vmmi 3^j)>Lty-ni 

ft, #C]fi5rtlCI±. «*?$«8 4 (4 a, 4 b) *«JBjS 
$ft£ 0 1WH«S4 t y- hm&3 i:tDMlc»±, 16-ffc 
1K3 0*«3&J*SfLTv^4o Y- hWU3<r>mWiz\imt 

;<ot-f K^*-JWX^-*9 0T^pa*jS'&* ; K 

-MitWum 10t, :«n -SfciitJi 1 0 Ktt* 

- 3*3^0-* n+Mffilfc^ 1 1 -tit-fitoSEBKIi 
$11 1 2 7J f Ktte>tL^, 0 

[0 17 6] *S&9J«>*1 3«5SilftOJBHRH«4^»« 



(24) 

**fi^tt»ai««3 n -m&9im i o fcnsw»iftKo 

n+Sfclfcill lT-«J&L*:LDDt»ii£3rLTv>.& 0 
^LT, y- h*«3 0WJ»»»cii*flf*«*4 (4 
a, 4 b) ;6 J ffM$ft*o 2 o^EifSffif 4 a -fc 

«tr/4 b*cm^£g«u *<nmntm\* (i) 

(2) ttffi3ftJ|4 a«3*3S«*^-**«LTV>4ttJR. 

(3) «W*«JI 4 b LTV»&tt|8. 
io (4) lff«8l|4 a, 4 b*lcm^^rl«LTv^^ 

fiU «0 4OW#j®*t »)f»4o -c0 2o<om*?gW14 

# v»**flE«>S£fl:55"*K*fl!*«> "00", "01", 
"10", "l i"(c*HS**4. -<o*^'j-t;p 
*it-CMi*W*«Jl 4 Jt^rfctfr-' 

O*»tt®UlfcSL4v» 0 Lfci^t, 1WI«14<0 
^<0i§^FJS.lC i4j§rl* (over-erase) ItRSlLStt, 
20 -e-jruj: »)fli8*Kjl§H1-*y-**A» /n^7i^ 

i, »«JHtt05F*«tt>*y tr*fl"C6*. 

V 4 It C V DffiK <fc .&*«Jf*«t&2JOrtv»-> 'J 3 >Sfb 

^ffitc$!Jjg-C#-5. 0 * 1 r- H6»R 1 3 * 5" 

30 i)3>mtm (s 1O2K «^2f$ejs<o^m^ ; Sr^ri- 
4v'j3>a<km (s i 3N4D trflMti-ntf, 

3>8HbM&&l£l5ri f 4 nm~ 1 1 nm§S<0^f|.. 
ttl 0 nmmmZV-e* (DT) ftX(>» 

[0 17 7] #»9§0*1 3©*J6WJKIRtw«4^»» 

Hl^coS&ffir6l±«OlWt?n-S!t£S5:§ 1 0 *»tt, LD 
D«iS*«*LTV»4*«, ~s>Y» KUf >«it, ^7" 
;u k u-f >«ife v «fc if V v 4>m.i&*mfiL 

[0 1 7 8] XH-, *5km<V%i\ 3 0*«g<J?JK»t:«4 
*'JWfi^i:oi/>tI 1 2 Ofci 0*0 1 2 1 
£fflv>TS£931-<£> 0 HI 20 It, ##a*»ft*KWi- 

^7F»%i4p< ; e , -'<73®fs mr-$>z> 0 mi 2 nt, m*tii 

f^feRW+'S/Fflllfrtt^* VOBfffiiaf^^o 012 0 
so joiU-'Sl 2 lO.*^'J-te;H±nS!M0S H^y^^ 
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x-mf&zttZo 01 2 ou^i-j^k, j^v-tfrcom 

#ii*«p»:»±, Y- 1-GK6-8 Vfg, Kl"f>DK 
C<0«t7 KHJE^epjDU + (CHE) V 

1 2 1 CtkI" «fc d y- f GtC^SJE (--5 V) * 
gpJraU 7r 1 >7 - • /U K'W A (FN) 10 

S, KU-f >DlipS*i*#*«l fcB*ttkrtitfJ: 

p 1 wmfttf±gfc&iEm/±£ 

Kl"f > Affile RliDL, V- (Float i 
ng) fci-*Hf, K U <f >*afll<0*W*«Ji 4 b O** 
t»S^^BI#fe< -tfeBTflT-^^o V-^SSffl?)I 

<fcv> 0 

[0 17 9] £fc|3jKl±Lfcv*3i*, jt*'J-t^oa*til 
Lit, Kl^f >Don«Xii«BEAtiSLVX 

«-^*ni-*-t-Ctf^^*o S#S«14 a, 4bW| 

W«3Kt=J:oT4oo»ft4«*fi5Jlflftt*«»^fL, * 
tUCj: •) 1 c<73-fc;u-e2 If y h#<7>til fttGVCft 4 0 
[0 18 0] *U, pIMOS^^y^^fM^fL 

OUif^Kov»TBH 2 2£«fcO f 01 2 3 im^XUWi- 
S. B12 2 14, »ia*»f^tKW-r*3F»«tt^* 

';oifB0-e*>*o mi 2 3 it, m*tttt*K*i-*^ 
»«tt>*uo»fiBiai?*4o m 1 2 2 i= «t cfiu 123 

<ojc*«;-fe;n±piaMOS h7>y^^It?tiJ, 
Hi 2 2 icfrti -7 u, >^'J -fc;wco#Sji^Bf ici±, 40 

i-Gtcs vns, Kv>f>Di:-5 vmmi-tti-? 

ftepiau v-^stfilffitti, -rot d k^je 

w*«o*w*«i4 bu*^*aAi-* 0 v-*u« 

4 a SrffiXi" l±, 

>D, v-*S**i*'*u:aUnrt4*EE*±IEi: Aft# 
z-ttiiX^o — 7j, **V-tll><7>ffi£li. mi 2 3 1:* 
-T^TtC, ^-hGlCftSffi (— 5V) ££P*QU F 
NtatflfflLTI«*14a. 4 btf»fc«?-*3IS so 



l§jn#icm^£3l#t£< c ttfx-£* 0 -^^i-g-, v-x 
SiJitf KU-f >DltnI3*ig#*«l 9 fc|imft*<£> 

[0 18 1] ££07K(iL&v^ ^^E'J -fcJKOgt&aj 
Lit, V-xSt KL^f >D0>P4ti7Kix-&IS<^aiLmBS 
ZtkmtZZtT-ftfrtlZv €#S««4 a, 4 b«7?g 

m-ti>*><DX'3bZ>o V-XS, KW >V><D^h\Z^ 

jMR-j-*itfJ:n 0 €WS«^4 aiiJ:D-*4 b<04o<of 
*^SglC«to-C4o<o^4-6mSf£fEiiiif147i J #'bn, -5- 
*Uct t) io<D-t;bT-2 e*y h$3-0««*f&M;-p£4. 
[0 18 2] 3 0XJfc«73^n-Ctt. 01 2 

4 tC/51-J: o ^UiRlfefc^rLfcviattOMOS h 
7 > v'X^ tH^BTfgT**^ 0 &if&£>(X, KOMOS 
>7>vX*-Cti, £W#fS«4l4, V-x • KU-f > 
««l 0, 1 l±<Dfr{zmW:2ix. rv^frffit&lLizit 
EBStL-CV^v^ >l(7?^i6 % C1CDMO S h 9 9 
Of5g#14l4, *ff***4©*ffiOfiy#:RJ8K, 

H*9lF±§SaMS:a££tU MOS h 9 > v'X ^<056aiS 

[0183] mi 4<D%m<Dfm) <k\z, ^mnm 

1 4 0|ttt07B8!Kov*TSl9J1-4o :«*1 4«0Hife 
t4-?Tv>-5, 0 01 2 5I±, *&WO%il 4<nnM<DM 

m \z& 4 ^v^tvt »«jk * m-t 

ifiiosieitiy- F«iRi 3 t^Lty- 
*3**R»te>*».4o y- ymm3<DMm\zi±&m*iSLtf 

fett, #Eia5|*IlCI4, 1WS«S4 (4 a, 4 b) « 

nmwrnis* tr- hms3 tosii:i±, 

ltWk3 0«(S$fitv>4, y-bW63 0fllIlB(cttBI 

4 ZmtiZtZo 9-9 WTSBWpS 

n -aUttt* 1 0 t, ^<75n-a^t!ce 1 0 <0 

fea*. y- hm^3ii«t(/n+a&ifcii l-en-?^ 

<o*®icii^S8l 2 7i*IS:tt^n4 0 
[0 18 4] ^%^<0^1 4<O^JfttO^-Cfi, t-f K 
■7*-;ux^--^9£<fcy f i:i?fg«J14 It, CVDffilc 
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[0 18 5] #f£9J<Ogl 4<Dnt&v>MBr-(i. ±M<?> 

mi 3<r>nm<Difmtm&. 01 2 ecftiT^, a 

[0 18 6] 

[%^<0Sb*l **9J »*« 

tr * h fr<Dmm*%m-t * z. t #x- § * 
grass onus sr # * o 

[0 18 7] *»9JKJ:iiMr, WiSiyo-t^tS 
[0 18 8] *«9§UJ:iiMr» «J|l4-t^flia-C««W 
[0 18 9] aMMiKJiWjr, ffi#&${ii7'n-tx-C« 
[0ffi<3ffiijifci&9n 

[01] 1 ©l»o»«K«*>F*»tt¥* 

fe> ■=£ y o> 'J -fc;MSfifc^1"»f®0-C**o 

[0 2] *»WO»l«>*Ji|0»»Kll4^Fli«tt*» 
tM * y <0ffijf1:&l&9!-f &®f®0-c , 2><& o 

[0 3 ] *W$<F>W. 1 0|liSOJB©K«4*»*tt¥* 

[0 4 ] *%w<nm 1 o*«io3Bfflu«4^a»tt¥* 

*y £OKjf^*m^1-4S(f®0-e*4o 
[0 5 ] *mWcom 1 <0|S«|OJB3»K«*^a»tt** 

[0 6 ] #5!9!<rcf& 1 

* 'J O -J* ■=£ 'J -t;K7>SSitXe i Sr^1-»f®0'efe4o 
[0 7] *»WO*10H*03gJDICff4^»«tt** 
fit* * y 'J •t;K75SS3tIS**-tifB0-C l fe4o 
[0 8] *»*0»10W(l«)»ilK«4^lf«tt** 

[0 9] **«0*l«>«B03l51lt=«*5P»lltt*» 
# * -=e y (7) j< * 'J -t Si jgXg * ^1" Wf ® 0 T £> 4 o 
[010] *«WO»2 03taftOJ^IRH«4/pa[«tt^ 

OMM^y w>*y *^«it**1"»f®0"?*>*o 
[011] *56Wo*2 0l5»03Ka8»;«*JFai6tt* 

[0 12] #«W«*2 0*MOJfc«£«4*a5H±* 

*#^*y otiif**KW+4iiffflia-c*4o 



[013] $H^«^2 «Il«iSi:I4^»gtt* 
#i*:^^y<Oj<-t y -fc;K93SjiIg£jiH"»r®0-C* 

[0 14] ^^<o^2coHitew^^#4^a^14* 
mfc* y •fejwcoiSiixii ; S:^-rsr®0T-* 

[0 1 5] *«HO*2OHtt<0»ffiK«&3F»j&tt¥ 
* y co.* * y -b;K7)^itXM?r^-rSr®0r-ab 

10 [016] *&mnm2<Dnt&V>&Bl-&Z>^M$k&3r 

[017] *«wo*2«osafco®ag»c«ft^a»tt* 

mfc* t';o^*'J -t;uoMiSXS4-^i-»f®0T-* 
[018] *«WO*2<7>Htt<&®ffiC«&*»$&fe 

y ^> y -fc^cosajSXS«:^i-if®0T-*> 

[0 19] *5&W»*2 0|tlfeW3BJBIiC«43F»»tt* 

20 fft^ty <o^y 4rA-w8&txg£^l-»r®0-c* 
[020] *&wv>m 4 witisojB3BHc«*^»«tt* 

^^^y<o^*y-t;H»it*^i _ p?f®0-cab4 < , 
[02 1] *ISW0*4W||ft03BS8»cff47p»«tt* 

[02 2] 4 0|t»OJB»K«*^»fStt* 

[02 3] '*«W«5*5©Hjfc©?B»K«**»«te* 

j euojiiiaiatt*«dt'*"4Mos ^^oma* 

30 ^Tlf®0-C*4o 

[0 2 4 ] 0 2 3 wmo s h 7 > 9 ©«itig*r 
l-®f®0-e*4o 

[02 5] 02 3 0?MO S h 7 > 9 OJgHiXigS:* 

1-»fffi0-e*^ o 

[0 2 6] 0 2 3<£>M0 S h 9 > 9 <D$k&JM*7F. 
1-Bf®0t?*4 o 
[02 7] 0 2 3<OMOS * 9 > * OgSjSXfi*:^ 

1- Br® 0 

[0 2 8] 0 2 3C7JMOS h7>v'**<Dg!ljiX«&^ 
40 -f»f®0TJb*o 

[02 9] 0 2 3 WMO S h7 ^ v 7.9 (Dm&JMZffi 
■T»f®0t?*4. 

[0 3 0] 0 2 3OM0S h?>5>**«5«fltXe*ZF 
•tSlfffi0-C*4o 

[03 1] 2f:f|^0#{6 ^HifeO^Jgl^^^fffSIS 

jgS:^i-»fffi0-e*^o 

[03 2] *flW^>^6 WHiS<0^;c^^-*-#'ft:f£'S 
so ?rftlflif*5. 
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[123 3] *ftw<Dm6onm<DtemK&&*mfm¥ 
m& * * -j <D®ft t m.w-t s m mmx- $> s „ 

[03 6] **6WO*6©t«fi©^®C«4*»IH±* 

So 10 

[S3 7] 3(:«WO«r6 0||ifiO^I!S»c«4^»*tt# 
3MM * 'J <7)> * y ■fe;uo«jSXS**i-»flBB|-c* 

So 

[123 9] *«9lOft6 0!ttt03gHl=4K«rofttt¥ 

So 

[124 0] *»WO»6 0*tt03g»t=«*^»|&tti|s. 20 

So 

[124 1] *«H0ft6eaut0&nf=ffS7*&&4* 
iflt^^'JW^t 'J ■t;uo«axsS:^-i-BfffiBIT* 

& o 

[124 2] *ftHO*6 0ltifcoaMM=ifi«7a&&¥ 

So 

[I24 3] *«WO*6 0SHft03ga8tC«4^»«tt* 

'J «^ 'J -tvKOSiitxeSr^i-Bfffiia-C* 30 

So 

[14 4] *ftigo*6 0^o?gS!!£«*&fH£¥* 
# > co jt * y -t SiSXS t jR+ if B 0 V h S » 

[124 5] *mw<Dm6<DnmvMmiz&2>m%&*m 

£M =t y <7) * * y -t/UO WIUH-* 3jr*-»fSI2-C* So 
[124 6] *%9lO*6 0Xtt0^fittcft£a*^N* 

* y co> * y **o»itxe*ji*i-WBB-c*4o 

[124 7] *ftHe*6 0%ttO^«£f|U&*ra¥* 
•t;K0^itXg**-tilfffi[2-C , *>So 
[12 4 8 ] *&®<Dm 6 <*>3yft<0?£SlK#S«SS1£¥ig 4 o 

#>^y w^-t y *^<o8!tjixg*jF?-»rB0-c*So 

[04 9] ^H^co^6 W*JS<0^S^sai§'|±^« 
#**yo>*y */w«o*^xe**i-»rBB-c*<&o 

[050] *%m<om6 0>itik(o&mz%&mfk&*m 

ft^^'J <CM 'J -tr;K75MjtXS4-^1-Kfffi0t?*So 
[05 1] *%HO*6 0Stffia^ag£tt4*&tt¥* 

fls^« * y o> * y -fe;uossitxe5r^1-©f®0T-*s o 
[05 2] 6 <0*iSO^3BHc«*a«tt** 

^t'jw^^'j -fe;KOSa^Xig*^i- Bf®0T*So 

[05 3] *|g^cO^ 7 OSaft<03&aS»C«4#iiflsge« so 



galeae £ n^^» * y <7j > * y -t 

it£frfilr®0T;&So 
[05 4] *56WO*7©3lifi03ga»=«***fMBtt 

mm\zmm * y o * * y * ;n»jf 

£r^-f"8fIi0"C*£>So 

[0 5 5] *l§^«0^7<7?Hii<Df^{^S^Ji%i±^ 
3MM t'JW^tV -b;u«og!;iXg£f;-f »r®0T-& 

So 

[05 6] *«?|0||l7 03lilSOJB|g»C«4^F»«tti|£ 

So 

[0 5 7] *5ftWo*7«5tt6^SK«*TO«H£¥ 

*ff>*y w^-=ey-fe^fl5«ifiig*^-*-»fffiea-c* 

So 

[0 5 8] *«W<0»7O||ifiOJB3BH«43FjKltt# 

j&fM -t y co> -=ey -t;pcoSitxg4:^1-»fB0-c^) 

So 

[059] 7 <nnm(o j&m\zmz*m%&* 

S„ 

[06 0] 3jc»WWJS7 03tift©®»»:«*^a[«Ht# 
jgfM ^ y <o^< y -t;vcosSitxg*^-r ©fM0r-* 

So 

[06 1] ##WO*7©Htt<D©«*w«**««tt¥. 

So 

[06 2] #»W<0*7©*ttW®«K«**J«ate* 

So 

[06 3] atc»W<0*7O«»OJgffljC«*fl[«tt*i||C 
#«'JO«'J -fe ;K^>iltiiXg : Sr^i-BfS0^*So 
[06 4] *»MO||7 0*Jfc©JgfflK«4aiStt#* 

^ y £D^ ^ y •fe;UO^Xig?r^i-iff®0T l feSo 
[06 5] *»WO»7 0**0}g«K«*a»l4** 

*M*y oj« *y-t^o«itxgt^i-»fBB-c**o 

[06 6] *»W«»7WStifiOJB«H=«-5»»tt*# 

#^*'Jo«'j -fc;KO$liitxg*^i-®fB0t l *>So 
[06 7] *l&WO*7 0*Jj^»l=«*»ira¥# 
-t;K7?SSiixg4/Tl-ffifB0-c*)So 

[068] *.%w<vm7(DnM<?>Mm\z% s zmfm*& 

ft* * y copt^ey -fe;KOSSiilg£^1-»rB0T&So 
[06 9] *»WO*7W*tfcOJg®tcift*a«tt** 

*M * y <o;< * y -fe;wo«3!tig*jjvt-*f®B-c**o 

[07 0] *»9ioai^O*Jfc^ffiU«*«*M£** 
^*'J cO^^y-fc;K7)S8itXg?r^i-Df®0t l *So 
[07 1] **WO*8 0*ttOJB«fc«**«5&tt* 

* * y o p« * y -t * ^-t tfBB -e * s 0 

[07 2] *&W<om 8 «>£iftOJfc!Bl=«*?F»$&tt* 
*#j«*yoiftf^*:ttW*-4»fffiBT**o 
[07 3] *«W»*8 0HtfWJfc»U«**«»tti|i 
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[07 4] *&m<Dms<0%fo<r>WM\-&Z>T-M% 1 &¥ 

So 

[07 5] *»9!o*8©*»<3JB»U«**»«te* 

So 
-So 

[07 7] 2f:%^o^8 0^JS^>©Stc#^^ai&1±# 

& o 

S„ 

[079] *&me>&8<Dnm<r>j&miz&2>T-B§k&* 

So 

[0 8 0] *»WO||t8 0||ifi«)JgSKrff4^»*tt*- 

[08 1] *»H©fMoayS©»SBK«***«tt¥- 

* y <75> -t y -t;KOjSt^Xgt^-fWf®0-C* 

So 

[08 2] *»9lO*8O*tt<0JBfflK«***»tt* 

So 

[08 3] *»WO*9 05ltt0^aK«**»5&te* 
[08 4] *»WO»9 0*ttO^®(:«4^»5Ht* 

[0 8 5] *«WO»9 0jlifcO»J8Kfll*^WMt* 

* >j * »J ■fc/uotaitifl4:jj*-*-»rflBI8'C* 

So 

[08 6] *«&Oft9 0jtJ|^&lRCff«3F!Vai£¥ 

gfM y <o*-=e y -t;uosaigxg?r^i-Kf®0f * 

So 

[08 7] *»WO*9©*ttO^SRK«4*»»te¥ 

gtM -feA/ofiitxst^i-iifiBia-c* 

So 

[08 8] *&w?>%9c>&M<oMmzmz>7m§tft* 

* y o> * y -t;KO$iitig*^i-»f®0-c* 

So 

[08 9] *&w<r>%9<onm<nwmi~&z?mfk&* 

So 

[09 0] 0»HifiOJBS8lc«4^»«tt 



(28) 

[091] *%m<omi Q<D%m<r>Mm\^i>^m^ 

[092] *%w<Dmi o <o%m<r>wm\-& s^a^ts 

> * y ws&ft * tsi9J -f s if ffi 0 r- * * o 

[09 3] *Sfc9iO*l Q(Dm&<?>M&l~&Z>^mf£te 
f-if-fM -t y co> * y -t;KOSgjtIg4r^i-ifS0-C-* 

So 

[09 4] *&m<omi 0©tllS«>®l8K«4*»fH± 

-=e y co^t * y -tr;Ko§?iSxgS:^i-i D f®0'C-* 

10 Z> a 

[0 9 5] #SS9?<^1 0O*ttO3BS8K«4^W«tt 

[09 6] ^%^<7)^1 OOllteO^SiK'f&S/FJf&te 

> * y so ^ * y -fc ;kt? Sift xs * ^i" Bf ®0 f * 

So 

[0 9 7] #*WO*l 0WHiSO©^U«S^»§H4 
*>;©^*'J •fe;i/OSSitXgSr^i-»fS0-C* 

S 0 

20 [09 8] #3&9§0» 1 0 OHjfcOJK0ICllR«79«tt 
t'jo^t'J -tr;KO8J^xa£^1-fflr®0-e& 

S„ 

[09 9] 0 <DnM<F>WM^& 4*»$H± 

¥38tfM ■=£ y <c>pt * y -fc;Koli£Xg«:^1-Sr®0f6 

So 

[0ioo] *&wv>mi o <r>nmmm\z%hT-m^ 
-t y to > * y ■t;K^$aatxs*^i-Bf®0"c 

& S o 

[010 1] *^^co^l OwHafccoBSUc^S^SSS 
30 •tt4 i ^>^yop'^y-tJK^i!^itx@Sr^1-^lf®0'c , 

<fc S o 

[0102] *§tm<omi ioit*ojB8si»=«*^A. . 

tt^iUflt^^y <O>^ey-b^*SS:^-fBf®0t?*So 
[0103] *%^<75^ 1 1 OSfcifcOJfiMRKWi'FiWS 
tt^iUM ^'jo^t y -t;K7)^Igt^1-Bfffi0T 
^bSo 

[0104] *%^«0^ 1 1 OHifcOJBJBH=«45F»» 
14-¥-gfM y -fcJKOSlijtXg4:^i-if®0-C- 

S o 

io [010 5] #3§l£0|f|l l (D^ifecoff^lc^S^S^ 

•tt^S'ft^ -=e y <o-x -t y -t^wsaisxesr^-f «f®0t? 

5 o 

[0 10 6] #S£9!<0^1 1 WHifecoff^lc^S^a^ 

& o 

[1107) *5£93<a» l l <n%n<oWM\~%Z>^& } & 
14^^^ -=e 'j 60 ^ -=e U -t;i/0»iiHI*r^i-l8fWH-c 

6 o 

[0 10 8] *fMH<&*l 10H»^JB3Bl^«a^»« 
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[iio9] *ftm<r)%i 2<r>%fe<n>mm\~&z>T-m& 
imi io] ^i&^o^i 2 efufc«»gai=fft&7ii« 

te^fc* * 'J * 'j -t;K£>S^Xg*^1-»rE0-C- 
[Ell 1 2] 2<D%m<DT&m\~&Z>T-m& 

[0113] *%^«o^i 2<Dnm<DMmi~&2>^m% 

[(21 1 4] 2 0jtttO&ttt=tt&:HI« 

[@i 1 5] *«9i<o*i 2<D%m<Dmmizmi^m^ 

[0 116] *S&WO$ill 2<0Hife<O^(C#-6^% 
t£-¥-jg#:;< ■€ 'J * ') •teJK^jtXg&^l-Kr^-r 1 

& ■?> o 

[0117] *I§^W^1 2 0XttOjgS!Cft&7K% 

[0 118] *»W<0*1 2<0**fcO®IRK«**ll» 
t'JO^'J •fen,o»itxa**-f BflBH-C 

[0 119] ^|§^o^i 3<o%Sfc0?&l!tC'(**TO9« 
tt*a»#> «'JO^«'J -fe;i/«]g*^i-»f®0T-** o 

[012 0] nIMOS * 
%Wcom l 3 o||ifi©JBaRu«4**«ttiMMM *'J 

[012 1] nIMOS h 7 >->***-ClfJiS; * 

1 3 <n%m<n : fm\z% s z>7tm§k&*&w* * y 
oftf^*KWi-4»fiBia-c**d 

[012 2] pIMOS h?>S>X*T»*j£3;h.fc, * 
<Oi&f^«rfi^1--5Bfffi0t?*4o 



[0123] p IMO S h 5 > * T-fif /£ $ * 

[0124] ^^<7)^i 3<r)nmmmiz&z,^m& 

SMOS h v>v*X^<7>Sii5r^1"iff®0-C** o 

[0125] *&m<omi 4 <onm<r>Bm\z%zypm& 

[012 6] #f&SBO|fU 4 0%j£Og?l!tUtt&TOK& 
*MOS h7>vX*OSjgS:^1 _ £fB0-C&£ o 

1 p 

2 r-h^n 

4.3 y-ni (ti^-ns) 

4 m.^wmm 

5 « 1 mm 

6 SttJH 

' 7 m2mm 
20 ; 8>2r- has 

1 0 n -wsmm 

1 1 n +W&&M 

1 2 glg/f 

1-3 mw-vmm 

14 ^2r-b*6^M 

15 .^3r- vimm 
1 6 

30 1 8 ->y ^>mm 

1 9 nI*i#Sfi 

2 0 P -ffl&ifclf 
2 1 p +Si£iSc* 

2 2, 2 7 7* h UyX b (7*hUy^F^- 
» 

2 3 h 

2 4 *4y-Hfi»I 

2 5 f-**;HIifc 

2 6 gg£ 

40 2 8 ^ B B a y'j3>I 
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